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Description

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] The present application is related to U.S. Patent
Publication No. 2013/0303845 (Attorney Docket No.
ETH5635USCIP1).

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] The present invention generally relates to med-
ical devices for correcting defects, and more specifically
relates to applicator instruments having end caps with
gripping features for engaging a surgical mesh.

Description of the Related Art

[0003] Hernia is a condition whereby a small loop of
bowel or intestine protrudes through a weak place or de-
fect within the abdominal muscle wall or groin of a patient.
This condition commonly occurs in humans, particularly
males. Hernias of this type may result from a congenital
defect, or may be caused by straining or lifting heavy
objects. Lifting heavy objects can generate a large
amount of stress upon the abdominal wall, which may
rupture or tear to create the defect or opening. In any
case, the patient may be left with an unsightly bulge of
abdominal contents protruding through the defect, which
may result in pain, reduced lifting abilities, and in some
cases, impaction of the bowel, or possibly other compli-
cations if the flow of blood is cut off to the protruding
tissue.
[0004] A common solution to the above-described
problem may be surgery. During an open surgical pro-
cedure, the defect is accessed and carefully examined
through an open incision. Careful examination is required
due to the network of vessels and nerves which exist in
the area of a typical defect, which requires a surgeon to
conduct a hernia repair with great skill and caution. Within
this area can be found vascular structures such as gastric
vessels, the external iliac vessels, and the inferior epi-
gastric vessels.
[0005] Once the surgeon is familiar with the anatomy
of a patient, the surgeon carefully places the viscera back
into the patient’s abdomen through the defect. Repairing
the defect can involve closure of the defect with sutures
or fasteners but generally involves placing a surgical
prosthetic such as a mesh patch over the open defect,
and attaching the mesh patch to the abdominal wall or
inguinal floor with conventional suture or with surgical
fasteners. The mesh patch acts as a barrier and prevents
expulsion of bowel through the defect.
[0006] At present, there are a variety of surgical instru-
ments and fasteners available for attaching a mesh patch
to tissue. One type of instrument is a surgical stapler
whereby a stack of unformed staples are contained within

a cartridge in a serial fashion sequentially advanced with-
in the instrument by a spring mechanism. A secondary
feeding mechanism separates a distal-most staple from
the stack, holds back the remainder of the stack, and
feeds the distal-most staple into a staple forming mech-
anism. Feeding mechanisms of this type are found in
U.S. Patent No. 5,470,010 to Rothfuss et al., and in U.S.
Patent No. 5,582,616, also to Rothfuss et al.
[0007] Another hernia mesh attachment instrument us-
es a helical wire fastener that resembles a small section
of spring. Multiple helical wire fasteners may be stored
serially within a 5mm shaft, and may be corkscrewed or
rotated into tissue. A load spring may be used to bias or
feed the plurality of helical fasteners distally within the
shaft. A protrusion extends into the shaft to possibly pre-
vent the ejection of the stack of fasteners by the load
spring and may permit passage of a rotating fastener.
Instruments and fasteners of these types are found in
U.S. Patent No. 5,582,616 to Bolduc et al., U.S. Patent
No. 5,810,882 to Bolduc et al., and in U.S. Patent No.
5,830,221 to Stein et al.
[0008] The above-listed references teach using a
spring mechanism to feed a plurality of fasteners through
the surgical instrument. Spring mechanisms typically use
a long soft coil spring to push a stack of fasteners through
a guide or track within the shaft of the surgical instrument.
These types of feeding mechanisms may be generally
simple and reliable, however, they require a supplemen-
tal valving mechanism to separate and feed the lead sur-
gical fastener from the stack.
[0009] Other instruments dispense surgical fasteners
using either a reloadable single shot instrument or a ro-
tary magazine that holds a small number of fasteners.
These types of surgical fastening instruments can be
found in U.S. Patent No. 5,203,864 and U.S. Patent No.
5,290,297, both to Edward Phillips. These instruments
have not gained acceptance by the surgical community,
possibly due to their single shot capabilities and the large
size of the rotary magazine, which can restrict the use of
such an instrument to an open procedure.
[0010] An instrument with a reciprocating feeding
mechanism is described in U.S. Patent Nos. 5,601,573;
5,833,700; and 5,921,997 to Fogelberg et al. The Fogel-
berg et al. references teach a clip applier with a feeding
mechanism that utilizes a reciprocating feed bar to feed
a serial stack of clips. A feeder shoe may operably en-
gage with and move with the distally moving feed bar and
may slidingly engage with the proximally moving feed
bar. Thus, the feeder shoe may index or push the stack
of clips distally with the distally moving feed bar and re-
mains stationary relative to the proximally moving feed
bar. A supplemental valving mechanism separates the
distal-most clip from the stack and holds the remainder
of the stack stationary as the distal-most clip is applied
onto a vessel. Although the Fogelberg et al. references
teach a reciprocating feeding mechanism with a single
reciprocating member, they do not teach the use of the
clip applier in the attachment of hernia mesh, nor do they
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teach the individual driving or feeding of each clip by a
moving member.
[0011] Another fastener feeding mechanism that uses
reciprocation is that disclosed in U.S. Patent No.
4,325,376 to Klieman et al. A clip applier that stores a
plurality of clips in a serial fashion within a clip magazine
is disclosed. The clips are in a stack wherein the proximal
most clip may be pushed or fed distally by a pawl that
may be ratcheted or indexed distally by a reciprocating
member or ratchet blade with each actuation of the in-
strument. As the pawl indexes distally, it can push the
stack of clips distally. A secondary valving mechanism
may be also described. Thus, the feeding mechanism of
Klieman et al. teaches the use of a single reciprocating
member and pawl to push or feed the stack of clips dis-
tally, and may require a secondary valving mechanism
to feed the distal most clip.
[0012] U.S. Patent No. 3,740,994 to DeCarlo Jr. de-
scribes a novel reciprocating feeding mechanism that
may index a plurality of staples or clips, and may ready
them for discharge by reciprocating one of a pair of op-
posing leaf spring assemblies. The staples reside serially
within a guide rail with a fixed leaf spring assembly ex-
tending into the plane of the guide rail. A reciprocating
leaf spring assembly may oppose and extend inwardly
toward the fixed leaf spring assembly. As the reciprocat-
ing leaf spring assembly moves distally, each of individ-
ual leaf springs of the assembly may engage a staple
and move it distally. The distally moving staples deflect
the local individual leaf springs of the fixed leaf spring
assembly, and the deflected leaf springs may return to
the un-deflected position after passage of the staple. As
the moving leaf spring assembly moves proximally, the
leaf springs of the fixed leaf spring assembly hold the
staples stationary and prevent proximal movement there-
of. A secondary guide rail and valving mechanism may
be provided to separate a single staple from the stack
for forming and can hold the stack of staples stationary
as the single clip is formed.
[0013] Additionally, similar feeding mechanisms are
disclosed in U.S. Patent No. 4,478,220 to DiGiovanni et
al. and U.S. Patent No. 4,471,780 to Menges et al. Both
of these related patents teach a reciprocating feeding
mechanism that uses one fixed member and one recip-
rocating member to feed or index a plurality of clips dis-
tally. Angled flexible fingers may be hingedly attached to
the reciprocating member and operatively engage the
clips when moving distally, and slidingly engage with the
clips when moving proximally. The angled flexible fingers
within the fixed member deflect out of the way when the
clips move distally and spring up to stop proximal move-
ment of the clip after the clip has passed. A secondary
valving mechanism is also disclosed.
[0014] Commonly assigned U.S. Patent Application
Publication No. 2002/0068947, teaches a device for de-
livering a plurality of individual surgical fasteners. In one
embodiment, the delivery device includes a drive mech-
anism having distal and proximal ends. The drive mech-

anism has a moving member and a fixed opposing mem-
ber, whereby the moving member is moveable proximally
and distally with respect to the delivery device. The mov-
ing member has a sharpened distal end for piercing tis-
sue. The device includes at least one surgical fastener
located between the first and the second members. Each
of the surgical fasteners has a proximal end and a distal
end. The device also has an actuator having at least two
sequential positions. A first position for advancing the
moving member distally and piercing tissue, and a sec-
ond position for retracting the moving member proximal-
ly, thereby deploying the distal end of the fastener.
[0015] Tacks for mesh fixation have generally been
made of metal, such as stainless steel, nitinol, or titanium.
The metal tacks were necessary to provide for sufficient
holding strength, penetration of various prosthetic mesh-
es, and for ease of manufacture. Until recently, there
were no absorbable tacks available on the market, and
surgeons could only use absorbable sutures in order to
provide a fixation means that did not permanently stay
in the body. However, using sutures is exceedingly diffi-
cult for some repair procedures. With surgical trends
leading to minimum foreign body accumulation, an ab-
sorbable tack with minimum profile is needed.
[0016] During intra-peritoneal onlay mesh repairs,
commonly referred to as Open IPOM, visibility is often
very poor. Laparoscopic cameras and lights are not typ-
ically used for an open procedure. Instead, direct visual-
ization must be attained through the incision. The incision
may be increased to improve visibility at the expense of
the cosmesis, however, inside of the abdominal cavity,
lighting is often insufficient. Improper visibility can lead
to improper placement of fixation points within a skirted
mesh implant. For example, fixation points can be spaced
incorrectly or positioned incorrectly relative to the edge
of the mesh. Improper visibility can also lead to accidental
bowel perforation, particularly if a loop of bowel is above
the skirted mesh but is not visible.
[0017] EP0770354 A1 discusses a meniscal fastener
applying device for repairing tears in the meniscus of the
knee. The device includes a handle assembly and an
elongated body portion attached thereto. The handle as-
sembly is operatively attached to a firing mechanism to
remotely actuate a firing bar. The firing bar is movably
positioned within the elongated body portion to engage
and eject a fastener from within the elongated body por-
tion. The elongated body portion includes a support cas-
ing which is preferably constructed from stainless steel.
The support casing has a cylindrical proximal cross-sec-
tion that tapers into a distal cross-section having planar
top and bottom surfaces. The distal end of the elongated
body portion further includes a pair of locator barbs.
[0018] WO2013/170013 A2 discusses an applicator in-
strument for dispensing surgical fasteners comprising: a
housing; an actuator coupled with said housing; an elon-
gated shaft extending from said housing; a cap secured
to a distal end of said elongated shaft, wherein said cap
has a lower distal edge that extends laterally beyond the
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outer diameter of said elongated shaft, wherein said cap
has a distal end face that slopes upwardly and proximally
from said lower distal edge, said cap including a surgical
fastener delivery window formed in said distal end face
for dispensing surgical fasteners.
[0019] US2005/070922 A1 discusses a device for in-
troducing a suture wire through tissue of a subject. An
end effector of the device may be provided with one or
more pins extending distally from its distal end.
[0020] In spite of the above advances, there remains
a need for further improvements. In particular, there re-
mains a need for applicator instruments that enable sur-
geons to accurately and easily dispense surgical fasten-
ers into tissue for tissue repair procedures, there remains
a need for applicator instruments that enable surgical
fasteners to be accurately and easily dispensed in small
areas, and for surgical fasteners that are absorbable.
There also remains a need for a supplemental imaging
or detection system in support of a hernia mesh fixation
instrument, with the purpose of improving visibility during
repair procedures, such as Open IPOM repair proce-
dures.

SUMMARY OF THE INVENTION

[0021] The invention is defined by the claims. In one
embodiment, an applicator instrument is preferably a
multi-fire device having a non-linear shaft (e.g., curved
or angled) that delivers surgical fasteners for the fixation
of mesh material to soft tissue, such as the applicator
instrument disclosed in commonly assigned U.S. Patent
No. US 8,518,055. The applicator instrument may be
used for open surgical repair procedures that address
ventral hernias. In one embodiment, a series of surgical
fasteners are housed within the shaft of the applicator
instrument and the distal end of the shaft is non-linear to
the proximal end of the shaft that is attached to a handle.
[0022] In one embodiment, the multi-fire applicator in-
strument has a series of strap implants or surgical fas-
teners stored along the length of the shaft. The applicator
has a firing system including a pair of flat stampings with
tabbed features. One stamping is stationary and the other
stamping cycles in distal and proximal directions to facil-
itate incremental feeding of the surgical fasteners along
the length of the shaft. The flat nature of the stampings
facilitates assembly and flexibility as the stampings are
guided through a curved path. In one embodiment, a pair
of long, molded guide components creates the non-linear
path of travel with minimal friction and distortion. The
molded components are desirably contained within the
shaft, which may be a stainless steel cannula.
[0023] In one embodiment, at the distal end of the shaft,
a wire staging spring applies a downward force on the
distal end of the stationary tabbed stamping. The force
applied by the wire spring positions and aligns the sur-
gical fasteners with the dispensing end of the device.
When a surgical fasteners reaches a lead position at the
distal end of the shaft, the cycled stamping is retracted,

and the wire spring moves the lead fastener downward
from the advancing channel into the firing channel. From
the firing channel, the fastener is dispensed via a firing
system including a firing rod and a stored energy system
in the handle. The wire spring provides a spring force
mechanism that is more economical and easier to as-
semble within a system.
[0024] In one embodiment, a contoured tip or cap is
attached to the distal end of the shaft. The contours on
the cap make the distal end of the applicator instrument
atraumatic to a skirted mesh.
[0025] In one embodiment, the cap has a lower distal
edge that may be pronounced and that may have a
curved bottom surface. The lower distal edge is prefer-
ably advanced into the seam of a skirted mesh, and fits
into the pocket areas or corners of various brands and
sizes of skirted meshes, which ensures that that the sur-
gical fastener delivery window is a set distance above
and away from the seam or hem of the skirted mesh.
[0026] In one embodiment, the cap has extensions or
wing-like features that are in line with and lateral to the
lower distal edge. The lower distal edge and the lateral
extensions preferably allow the applicator instrument to
slide more freely within the seam of the mesh and dis-
tribute forces over a broader area of mesh when a phy-
sician is applying forward forces on the handle of the
applicator instrument and counter pressure on opposing
tissue. The extensions also stabilize and orient the tip of
the device to ensure straps are delivered upward into the
targeted upper layer or top mesh piece of a skirted mesh
implant.
[0027] In one embodiment, the cap has a sloped distal
face that slopes upwardly and proximally from the lower
distal edge to ply the top mesh piece of an open skirt
mesh away from the mesh seam area. In one embodi-
ment, the cap has a bottom surface that is abutted against
a bottom mesh piece of the open skirt mesh.
[0028] The cap is desirably affixed to the distal end of
the shaft so that it does not rotate or translate relative to
the shaft. In one embodiment the proximal end of the cap
transitions into a cylindrical shape that matches the outer
diameter (e.g. 8mm OD) of the shaft.
[0029] The contoured, atraumatic cap has no sharp
edges at the distal end of the shaft. Thus, a physician
may slide the cap along the inside of the seam of an open
skirt mesh when positioning or repositioning the device
for initial and subsequent surgical fastener deployment,
and the cap will not catch on meshes of varying pore size.
[0030] In one embodiment, the handle and the trigger
or actuation portion of the applicator instrument is re-
positioned above the housing or main body of the device.
This configuration places the trigger of the applicator in-
strument in a position that provides multiple advantages
to the user. First, the handle is located in a position that
is ergonomically acceptable and allows the user’s elbow
to be in a neutral position when ready to fire. In one em-
bodiment, the handle is angled forward toward the distal
end of the applicator instrument to facilitate a neutral po-
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sition for the user’s wrist, as well. The position of the
handle above the main body portion of the applicator in-
strument enables the device to clear the body of the pa-
tient, which is preferable in open abdominal procedures.
[0031] In one embodiment, the combination of a non-
linear shaft (e.g., upwardly curved) and a forward angu-
lation of the handle complement each other to facilitate
the delivery of surgical fasteners upward in the intended
direction of fixation. In one embodiment, the applicator
instrument has a counter/indicator that shows how many
surgical fasteners have been fired or remain in the ap-
plicator instrument. The counter/indicator is preferably
positioned at the top of the handle to provide easy visi-
bility when the handle is in the upright and ready to fire
position. Coupled with a lockout mechanism, the coun-
ter/indicator also indicates when the straps are running
out and when the instrument is empty.
[0032] In one embodiment, the trigger has a linear mo-
tion that enables the actuation of the device to feel secure
and stable in a surgeon’s hand. The orientation of the
trigger and the location of the counter/indicator suggests
the proper orientation or intended use of the device. In
one embodiment, the trigger has an index finger groove
on the surface of the trigger that further suggests the
proper orientation of the device.
[0033] The linear motion of the trigger provides con-
sistency regarding the force and distance required to
squeeze the trigger no matter where up or down the
length of the trigger that the finger forces are concentrat-
ed.
[0034] In one embodiment, an upright handle orienta-
tion is required for correctly orienting the surgical fasten-
ers with the position of the hernia mesh against the ab-
dominal wall. The geometry of the tip’s sloped face also
preferably ensures that when the device is oriented cor-
rectly, a surgical fastener may be delivered in the correct
orientation relative to the mesh and the abdominal wall
tissue, and positioned a preferred distance away from
the seam of the skirted mesh.
[0035] In one embodiment, the trigger moves along a
linear path, which facilitates a unique rack and pinion
type linkage to translate motion to the firing system lo-
cated in the housing of the applicator instrument. In one
embodiment, the firing system includes a stored energy
system used to apply energy to dispense a surgical fas-
tener. The firing system has a compression spring, also
referred to herein as a firing spring, disposed within a
box-like component, a linkage coupled with the trigger
for compressing the firing spring for storing energy in the
firing spring, and a firing spring release for releasing the
compressed spring at a predetermined load and timed
interval relative to the trigger position.
[0036] In one embodiment, the trigger is supported in-
ternally by a pair of rotating members. The trigger pref-
erably has only two rotation point contacts so that the
potential risks of binding are eliminated. The rotating
members are coupled to each other with a gear system,
which ensures that the two members will rotate at the

same rate. In addition, a torsional return spring may be
connected between the rotating members to ensure that
after actuation of the trigger, the trigger and the firing
system are returned to an initial stage of a firing cycle
and the lowest energy state. The configuration of the trig-
ger return spring and its position relative to the trigger
may allow for a low, near-uniform trigger return force (pre-
load and travel force of the trigger alone to the operator’s
hand), which is an improvement over the high trigger forc-
es required in earlier applicator instruments. An alterna-
tive embodiment may include a torsional spring that acts
directly onto the trigger. The torsional spring provides a
moment that effectively counteracts any moment applied
by the user during device actuation.
[0037] In one embodiment, an applicator instrument
for dispensing surgical fasteners includes a housing de-
fining a bottom of the applicator instrument, a firing sys-
tem disposed in the housing and being moveable in distal
and proximal directions along a first axis, and a handle
extending upwardly from the housing along a second axis
that defines an acute angle with the first axis, the handle
having an upper end that defines a top of the applicator
instrument. In one embodiment, the handle is located at
a proximal end of the applicator instrument and is angled
to lean toward a distal end of the applicator instrument.
The applicator instrument preferably includes a trigger
mounted on the handle for actuating the firing system.
[0038] The applicator instrument preferably has an
elongated shaft extending from the housing. In one em-
bodiment, a plurality of surgical fasteners is loaded into
the elongated shaft for being dispensed from the distal
end of the elongated shaft when the trigger is pulled. The
elongated shaft desirably has a proximal section that ex-
tends along the first axis and a distal section that is ori-
ented at an angle relative to the proximal section for ex-
tending upwardly toward the top of the application instru-
ment. In one embodiment, the shaft has a curve between
the proximal shaft section and the distal shaft section.
[0039] In one embodiment, an imaging device is pref-
erably coupled with or mounted on the applicator instru-
ment for detecting images at a distal end of the elongated
shaft. The imaging device may include cameras such as
film, digital, or video cameras, photo sensors, and/or ul-
trasound sensors.
[0040] In one embodiment, at least one light source,
such as a light emitting diode, may be coupled with the
applicator instrument for illuminating a field of view for
the imaging device at the distal end of the elongated
shaft. The at least one light source may include one or
more light emitting diodes, fiber optic cables, and/or sur-
gical lights.
[0041] In one embodiment, a cap is secured to the dis-
tal end of the elongated shaft and the imaging device
and/or the light source is located on the cap. In one em-
bodiment, the cap has a distal end face that slopes up-
wardly and proximally from the lower distal edge and in-
cludes a surgical fastener delivery window formed in the
distal end face for dispensing surgical fasteners. In one
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embodiment, the imaging device and/or the light source
are located on the distal end face. The imaging device
and/or the light source may be located between the sur-
gical fastener delivery window and an upper end of the
distal end face of the cap. In one embodiment, the cap
includes a centrally located imaging device, a first light
source located on a first lateral side of the imaging device,
and a second light source located on a second lateral
side of the imaging device.
[0042] In one embodiment, the imaging device and the
light source are part of an imaging system that is coupled
with the applicator instrument. In one embodiment, the
imaging system includes the imaging device, the light
source, and a power source for providing power for the
light source, a power conduit for transferring power from
the power source to the light source, an image conduit
for transmitting images detected by the imaging device,
and a monitor for displaying the detected images.
[0043] In one embodiment, the power conduit includes
a conductive wire having a proximal end connected with
the power source and a distal end connected with the
light source. In one embodiment, the power source is
located on the handle and the conductive wire of the pow-
er conduit extends through the elongated shaft. In one
embodiment, the image conduit may be a conductive
wire, a fiber optic cable, or a wireless transmitter for trans-
mitting the detected images to the monitor.
[0044] In one embodiment, an applicator instrument
for dispensing surgical fasteners includes a housing de-
fining a bottom of the applicator instrument, a firing sys-
tem disposed in the housing and being moveable in distal
and proximal directions along a first axis, and a handle
extending upwardly from the housing along a second axis
that defines an acute angle with the first axis, the handle
having an upper end that defines a top of the applicator
instrument. The applicator instrument preferably in-
cludes a trigger mounted on the handle for actuating the
firing system, and an elongated shaft extending from the
housing. The elongated shaft is desirably non-linear and
has a distal section that extends upwardly toward the top
of the applicator instrument.
[0045] In one embodiment, an imaging device is pref-
erably coupled with the applicator instrument for detect-
ing images at a distal end of the elongated shaft. In one
embodiment, a light source is coupled with the applicator
instrument for illuminating a field of view for the imaging
device at the distal end of the elongated shaft. The light
source may be light emitting diodes, fiber optic cables,
or surgical lights.
[0046] In one embodiment, the imaging device and the
light source are integrated into an imaging system. The
imaging system may be integrated into the applicator in-
strument or may be a stand-alone system that is attach-
able to the applicator instrument. In one embodiment,
the imaging system includes a power source for providing
power for the light source, a power conduit for transferring
power from the power source to the light source, an image
conduit for transmitting images detected by the imaging

device, and a monitor for displaying the detected images.
[0047] In one embodiment, the power conduit includes
a conductive wire having a proximal end connected with
the power source and a distal end connected with the
light source. The power source may be disposed on the
handle, whereby the conductive wire extends through
the elongated shaft.
[0048] In one embodiment, the image conduit may be
a conductive wire, a fiber optic cable, and a wireless
transmitter for transmitting the detected images to the
monitor. The imaging device may be a camera, a photo
sensor or an ultrasound sensor.
[0049] In one embodiment, the lower distal edge of the
cap includes a center section that spans the outer diam-
eter at the distal end of the elongated shaft and first and
second extensions that extend laterally from the center
section and beyond the outer diameter of the elongated
shaft. The first and second lateral extensions desirably
have convexly curved bottom surfaces that extend later-
ally from the bottom surface of the cap. In one embodi-
ment, the proximal end of the cap has an outer diameter
that matches and conforms to the outer diameter of the
distal end of the elongated shaft.
[0050] In one embodiment, the non-linear elongated
shaft includes a proximal section that extends along the
first axis and the distal section that is oriented at an angle
relative to the proximal section for extending upwardly
toward the top of the applicator instrument. In one em-
bodiment, the non-linear elongated shaft is curved so
that the distal section of the elongated shaft slopes up-
wardly toward the top of the applicator instrument.
[0051] In one embodiment, the imaging device and the
light source are incorporated into an endoscopic instru-
ment that is releasably attached to the elongated shaft
of the applicator instrument. The endoscopic instrument
may be part of an imaging system. The endoscopic in-
strument may have a shaft that is flexible for conforming
to the shape of the non-linear elongated shaft of the ap-
plicator instrument. In one embodiment, the endoscopic
instrument has a permanent non-linear configuration that
matches the non-linear configuration of the elongated
outer shaft of the applicator instrument.
[0052] In one embodiment, an applicator instrument
for dispensing surgical fasteners includes a housing de-
fining a bottom of the applicator instrument, a firing sys-
tem disposed in the housing and being moveable in distal
and proximal directions along a first axis, a handle ex-
tending upwardly from the housing along a second axis
that defines an acute angle with the first axis, the handle
having an upper end that defines a top of the applicator
instrument, and a trigger mounted on the handle for ac-
tuating the firing system. The applicator instrument pref-
erably has an elongated shaft extending from the hous-
ing, the elongated shaft being non-linear and having a
distal section that extends upwardly toward the top of the
applicator instrument, a cap secured to a distal end of
the elongated shaft, whereby the cap has a lower distal
edge that extends laterally beyond an outer diameter of
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the elongated shaft, an imaging device attached to the
applicator instrument for detecting images at a distal end
of the applicator instrument, and a light source attached
to the applicator instrument for illuminating a field of view
for the imaging device at the distal end of the applicator
instrument. The imaging device and the light source may
be mounted on the cap.
[0053] In one embodiment, an applicator instrument
for dispensing surgical fasteners desirably includes a
housing, a shaft having an outer diameter extending dis-
tally from the housing, and a cap secured to the distal
end of the shaft. The cap preferably has a lower distal
edge that extends laterally beyond the outer diameter of
the elongated shaft and has a length that is greater than
the outer diameter of the elongated shaft. In one embod-
iment, the cap desirably has a distal end face that slopes
upwardly and proximally from the lower distal edge,
whereby the cap preferably includes a surgical fastener
delivery window formed in the distal end face for dispens-
ing surgical fasteners. In one embodiment, the applicator
instrument preferably includes an imaging system with
an imaging device for detecting images at a distal end of
the shaft and a light source for illuminating a field of view
for the imaging device at the distal end of the shaft. The
imaging device and/or the light source may be integrated
into the cap.
[0054] In one embodiment, the applicator instrument
includes a linkage coupling the trigger with the handle
and the firing system. In one embodiment, the linkage
preferably constrains movement of the trigger to a linear
path that extends along a third axis that defines an acute
angle with the first axis and that is perpendicular to the
second axis of the handle.
[0055] In one embodiment, the trigger is moveable
along a linear path that extends along the third axis for
moving toward the proximal end of the applicator instru-
ment for activating the linkage, which, in turn, moves the
firing system along the first axis toward the distal end of
the applicator instrument.
[0056] In one embodiment, the applicator instrument
desirably includes a guide member disposed inside the
elongated shaft and extending along the length of the
elongated shaft. The guide member may be angled or
curved. In one embodiment, the guide member is curved
and has a curved conduit that extends along the length
of the guide member. The curved conduit may include
an advancing channel for advancing the surgical fasten-
ers toward the distal end of the elongated shaft, and a
firing channel for dispensing the surgical fasteners one
at a time from the distal end of the elongated shaft.
[0057] In one embodiment, the applicator instrument
preferably includes an advancer element disposed in the
advancer element channel and being moveable in distal
and proximal directions for advancing the surgical fas-
teners toward the distal end of the elongated shaft, and
an anti-backup member disposed in the advancer ele-
ment channel and opposing the advancer element for
preventing the surgical fasteners from moving toward the

proximal end of the elongated shaft.
[0058] In one embodiment, a firing rod is disposed in
the firing channel and is moveable between a retracted
position and an extended position for dispensing a lead
surgical fastener from the distal end of the elongated
shaft. A distal-most end of the anti-backup member de-
sirably includes a staging leaf that receives a leading one
of the surgical fasteners from the advancer element and
transfers the leading one of the surgical fasteners from
the advancer element channel to the firing channel for
being aligned with the firing rod. The applicator instru-
ment desirably has a wire staging spring attached to the
guide member and having a distal end that contacts the
staging leaf for applying a spring force for urging the stag-
ing leaf into alignment with the firing channel.
[0059] In one embodiment, the guide member desira-
bly includes a window formed in an outer wall thereof that
is in alignment with the staging leaf. The distal end of the
wire staging spring preferably passes through the win-
dow for engaging the staging leaf.
[0060] In one embodiment, the advancer element and
the anti-backup member are flat, elongated metal stamp-
ings with tabs extending therefrom that project toward
the distal end of the elongated shaft. In one embodiment,
the tabs on the anti-backup member extend toward the
advancer element, and the tabs on the advancer element
extend toward the anti-backup member.
[0061] In one embodiment, the linkage may also in-
clude a first rotating link having upper gear teeth and
lower gear teeth, the first rotating link being disposed
inside an upper portion of the trigger, and a first pivot
pivotally securing the first rotating link to the upper portion
of the trigger. The linkage may also include a second
rotating link having upper gear teeth and lower gear teeth,
the second rotating link being disposed inside a lower
portion of the trigger, and a second pivot pivotally secur-
ing the second rotating link to the lower portion of the
trigger. The lower gear teeth of the first rotating link pref-
erably mesh with the upper gear teeth of the second ro-
tating link so that when the trigger is squeezed the first
and second rotating links rotate at the same rate.
[0062] In one embodiment, the applicator instrument
desirably includes a first rack located near the upper end
of the handle for meshing with the upper gear teeth of
the first rotating link and a second rack located near an
upper end of the housing of the applicator instrument for
meshing with the lower gear teeth of the second rotating
link.
[0063] In one embodiment, a first elongated slot is
formed in an upper section of the handle for receiving
the first pivot. The first elongated slot desirably extends
along a fourth axis that is parallel to the third axis, and
first pivot is moveable in proximal and distal directions
within the first elongated slot. In one embodiment, a sec-
ond elongated slot is formed in a lower section of the
handle for receiving the second pivot. The second elon-
gated slot preferably extends along a fifth axis that is
parallel to both the third axis and the fourth axis, and the
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second pivot is moveable in proximal and distal directions
within the second elongated slot. In one embodiment,
when the trigger is squeezed, the first and second pivots
desirably move simultaneously through the respective
first and second elongated slots and toward the proximal
end of the applicator instrument. The first and second
elongated slots ensure that the two rotating links rotate
at the same rate and may be used instead of the gear
teeth and the racks described in the previous embodi-
ment.
[0064] In one embodiment, the applicator instrument
desirably includes a trigger rack connected with a lower
end of the trigger for moving simultaneously with the trig-
ger in distal and proximal directions along the third axis,
and a drive gear having a first set of gear teeth that mesh
with the trigger rack and a second set of gear teeth that
mesh with teeth on a sliding yoke that slides in distal and
proximal directions along the first axis. The trigger rack
is separate from the trigger component, allowing for some
amount of play and rotation between the two compo-
nents. Further, as a separate component, the trigger rack
can be made of a stronger material and in a more eco-
nomical manner.
[0065] In one embodiment, when the trigger is
squeezed and moves proximally, the drive gear moves
the firing system distally. In one embodiment, when the
trigger moves distally, the drive gear desirably moves the
firing system proximally.
[0066] In one embodiment, the applicator instrument
preferably includes a counter located at an upper end of
the handle for indicating the number of surgical fasteners
dispensed from and/or remaining in the applicator instru-
ment. In one embodiment, the counter desirably includes
a counter window formed at the upper end of the handle,
a rotatable disc visible through the counter window, a
rotatable gear connected with the rotatable disc and hav-
ing teeth extending below the rotatable disc, and a lock-
out counter pivotally secured to the handle for toggling
between a forward position and a rear position. The lock-
out counter preferably has a first tooth that engages the
rotatable gear teeth when in the forward position and a
second tooth that engages the rotatable gear teeth when
in the rear position. The counter preferably includes a
lockout counter spring in contact with the lockout counter
for normally urging the lockout counter into the forward
position. In one embodiment, when the trigger is fully
squeezed, the first rotating link contacts the lockout coun-
ter for overcoming the force of the lockout counter spring
for toggling the lockout counter into the rear position,
whereby the first and second teeth of the lockout counter
engage the teeth of the rotatable gear for rotating the
rotatable disc. The spring member on the lockout counter
allows for additional over travel of the rotating link after
the counter completes its counting cycle.
[0067] In one embodiment, an applicator instrument
for dispensing surgical fasteners desirably includes a
housing defining a bottom of the applicator instrument,
a firing system disposed in the housing and being move-

able in distal and proximal directions, and a handle ex-
tending upwardly from the housing and being angled to-
ward a distal end of the applicator instrument, the handle
having an upper end that defines a top of the applicator
instrument. The applicator instrument desirably includes
a shaft extending distally from the housing near the bot-
tom of the applicator instrument, the shaft having a prox-
imal section that extends along a longitudinal axis of the
applicator instrument and a distal section that is oriented
at an angle relative to the proximal section for extending
upwardly toward the top of the application instrument. A
plurality of surgical fasteners is preferably loaded in se-
ries into the shaft, and a cap is secured to the distal end
of the shaft, the cap having a lower distal edge and a
distal face that slopes upwardly and proximally from the
lower distal edge. The cap preferably includes a delivery
window formed in the distal face, the delivery window
having a lower end that is spaced from the lower distal
edge. A trigger is desirably mounted on the handle for
actuating the firing system for dispensing the surgical
fasteners through the delivery window.
[0068] In one embodiment, the applicator instrument
preferably includes a guide member disposed inside the
shaft and extending along the length of the shaft, the
guide member having a curved conduit that extends
along the length of the guide member. The curved conduit
desirably includes an advancing channel for advancing
the surgical fasteners toward the distal end of the shaft,
and a firing channel for dispensing the surgical fasteners
through the dispensing window of the cap. An advancer
element is preferably disposed in the advancer element
channel and is moveable in distal and proximal directions
for advancing the surgical fasteners toward the distal end
of the shaft, and a stationary anti-backup member is pref-
erably disposed in the advancer element channel and
opposes the advancer element for preventing the surgi-
cal fasteners from moving toward the proximal end of the
shaft.
[0069] In one embodiment, a firing rod is disposed in
the firing channel and is moveable between a retracted
position and an extended position for dispensing the sur-
gical fasteners from the distal end of the shaft. The sta-
tionary anti-backup member preferably has a staging leaf
at a distal end thereof that receives a leading one of the
surgical fasteners from the advancer element and trans-
fers the leading one of the surgical fasteners from the
advancer element channel to the firing channel for being
aligned with the firing rod. In one embodiment, a wire
staging spring is attached to the guide member and has
a distal end that contacts the staging leaf for urging the
staging leaf into alignment with the firing channel.
[0070] In one embodiment, an applicator instrument
for dispensing surgical fasteners includes a housing, a
firing system disposed in the housing, an actuator cou-
pled with the housing for actuating the firing system, an
elongated shaft extending from the housing, the elongat-
ed shaft having an outer diameter, and a cap secured to
the distal end of the elongated shaft, whereby the cap
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has a lower distal edge that extends laterally beyond the
outer diameter of the elongated shaft.
[0071] In one embodiment, the housing defines a bot-
tom of the applicator instrument. The applicator instru-
ment preferably has a handle extending upwardly from
the housing and that is angled or leans toward the distal
end of the elongated shaft. In one embodiment, the han-
dle has an upper end that defines a top of the applicator
instrument. The actuator may be a trigger that is mounted
onto the handle.
[0072] The firing system is desirably disposed in the
housing and is moveable in distal and proximal directions
along the first axis. The handle preferably extends along
a second axis that defines an acute angle with the first
axis of about 70-80° and more preferably about 75°.
[0073] In one embodiment, the lower distal edge of the
cap desirably has a length that is greater than the outer
diameter of the elongated shaft. In one embodiment, the
cap has a distal end face that slopes upwardly and prox-
imally from the lower distal edge.
[0074] In one embodiment, the cap preferably has a
surgical fastener delivery window formed in the distal end
face for dispensing surgical fasteners. The delivery win-
dow desirably has a lower end that is spaced from the
lower distal edge. In one embodiment, the cap has a bot-
tom surface, and the lower distal edge of the cap has a
thickness extending between the bottom surface of the
cap and the lower end of the delivery window.
[0075] In one embodiment, the proximal end of the cap
has an outer diameter of about 6-12mm and more pref-
erably about 8mm that matches and conforms to the outer
diameter of the elongated shaft.
[0076] In one embodiment, the elongated shaft is
mounted to the housing and extends distally from the
housing. In one embodiment, the elongated shaft has a
proximal section that extends along a first axis and a
distal section that is oriented at an angle relative to the
proximal section for extending upwardly toward the top
of the applicator instrument. In one embodiment, the
elongated shaft has a curve located between the proxi-
mal shaft section and the distal shaft section.
[0077] During open hernia repairs, there is an ergo-
nomic and usability advantage to having a curved can-
nula and an inverted hand piece. The ETHICON SECUR-
ESTRAP™ Open device is specifically designed for
these types of procedures. There are a variety of open
hernia repair techniques. Two of the most common are
Open IPOM and Open Sublay (i.e. retro-muscular or pre-
peritoneal). In an Open IPOM repair it is desirable to have
a fixation instrument with a smooth distal end to ensure
smooth insertion of the instrument into the pocket formed
between the layers of the skirted mesh. However, in Open
Sublay repairs, the use of large pore flat mesh is more
common. In these cases, it is desirable to have gripping
features able to manipulate the mesh and position it prior
to fixation. The present invention disclosed herein pro-
vides an applicator instrument having a distal end cap
with gripping features added to the distal end face to pro-

vide a single solution that meets the needs of both Open
IPOM and Open Sublay repairs.
[0078] In one embodiment, an applicator instrument
for dispensing surgical fasteners for positioning and fixing
surgical mesh to tissue preferably includes a proximal
end and a distal end having a distal end cap. The distal
end cap preferably has a top side, a bottom side, a distal
face, a surgical fastener delivery window formed in the
distal face, and one or more gripping features located on
the distal face. In one embodiment, the top and bottom
sides of the cap are smooth and the gripping features
are located away from the top and bottom sides. In one
embodiment, the gripping features are desirably straight-
walled elements with flat distal ends adapted to engage
with mesh fibers without damaging the mesh or the tis-
sue.
[0079] In one embodiment, the gripping features in-
clude a plurality of gripping posts that are located around
the surgical fastener delivery window. The spacing be-
tween adjacent gripping posts preferably allows for mesh
fibers to be engaged by the sidewalls of the gripping
posts. In one embodiment, the gripping features may be
elevated plateaus with rounded corners and sidewalls.
The gripping features may have a cylindrical or conical
shape with rounded distal tips (e.g., a bullet nose tip).
[0080] In one embodiment, the gripping features may
include a textured surface such as a knurled, matte, or
stepped surface. In one embodiment, the gripping fea-
tures may be conical, straight walled or slightly drafted,
blunted, castellated, or barbed.
[0081] In one embodiment, a distal end cap may have
alternating gripping and smooth surfaces around the pe-
rimeter of the shaft. The cap may be rotated from a first
position in which the gripping features are not in engage-
ment with the surgical mesh to a second position in which
the gripping features are in engagement with the surgical
mesh.
[0082] In one embodiment, the gripping features (e.g.,
posts) desirably extend along longitudinal axes that are
perpendicular to the distal face of the cap.
[0083] In one embodiment, a cannula cap preferably
includes a series of gripping features or textured surfaces
that are located on the distal end face of the cannula cap.
The location of the gripping features allows the gripping
features to engage with a mesh (such as a large pore
mesh) when the distal end of the fixation device is pushed
against the mesh, thereby enabling the cap to manipulate
and stretch the mesh for controlling the point of fixation
and eliminating any wrinkles present in the mesh.
[0084] In one embodiment, the top and bottom sides
of the cannula cap are smooth and devoid of gripping
features. In one embodiment, the sides of the end cap
are also smooth. The absence of gripping features on
the top and bottom sides of the cannula cap provides for
smooth insertion of a distal end of a fixation device into
a skirted mesh. In addition, the smooth top and bottom
sides enable surgical fasteners to be delivered in desired
locations at the seam along the outer-most periphery of

15 16 



EP 3 297 544 B1

10

5

10

15

20

25

30

35

40

45

50

55

the mesh. The same principle may be applied where spe-
cific sides of the cap are smooth or gripped to allow the
user to rotate the device and toggle between a smooth
sliding surface and a surface designed to grip the mesh.
In one embodiment, the north and south poles of an end
cap have gripping features and the east and west poles
of the cap are smooth. The orientation of the poles may
be modified depending upon whether it is desirable to
grip the mesh with the end cap or enable the cap to slide
relative to the mesh.
[0085] In one embodiment, a plurality of gripping fea-
tures are located around the outer perimeter of a surgical
fastener delivery window on the cannula cap. The pres-
ence of a plurality of gripping features allows for a small
area of mesh to be fully engaged by the device and pre-
vents wrinkling or twisting of the mesh at the site of fix-
ation.
[0086] In one embodiment, the gripping features are
elevated plateaus or rounded cylinders with rounded cor-
ners and essentially straight or slightly tapered side walls.
The flat or rounded tops of each gripping feature ensure
that no sharp surfaces are available to damage the mesh
or tissue. In one embodiment, the spacing between each
of the gripping features is constant, which allows for mesh
fibers to be engaged by the sidewalls of the respective
gripping features. In one embodiment, the straight side
walls allow for the mesh fibers to be engaged by the grip-
ping features without sliding off.
[0087] In one embodiment, the gripping features have
a tip diameter of approximately 584.2 mm (0.023 inches),
which ensures that the gripping features properly engage
with a variety of macro-porous and micro-porous meshes
used during surgical procedures without being too weak
to withstand the forces encountered during use.
[0088] In one embodiment, the gripping features have
a tip height of approximately 508 mm (0.020 inches),
which ensures that gripping features adequately engage
with the fibers of various hernia meshes without being
so pronounced as to cause damage to the tissue or mesh.
[0089] In one embodiment, the gripping features may
extend perpendicular to the distal face of the cap, which
allows the gripping features to engage the mesh fibers,
but still be able to release the gripping features from the
mesh fibers by withdrawing the device in a proximal di-
rection.
[0090] In one embodiment, an applicator instrument
for dispensing surgical fasteners preferably includes a
housing, an actuator coupled with the housing, an elon-
gated shaft extending from the housing, and a cap se-
cured to a distal end of the elongated shaft, the cap in-
cluding a bottom side, a top side, and a distal end face
that slopes proximally from the lower distal edge to the
top side of the cap. In one embodiment, the top side and
the bottom side of the cap are smooth and lie on the outer
surface of the cap. A surgical fastener delivery window
is formed in the sloping distal end face of the cap. The
sloping distal end face lies on an outer surface of the cap
and extends continuously around the outer perimeter of

the surgical fastener delivery window.
[0091] In one embodiment, a plurality of gripping fea-
tures projecting distally from the sloping distal end face.
The gripping features are desirably spaced from one an-
other. The gripping features are preferably located adja-
cent the outer perimeter of the surgical fastener delivery
window.
[0092] In one embodiment, the gripping features may
include posts that project distally from the sloping distal
face of the cap. The posts desirably have a cylindrical or
conical shape. In one embodiment, the posts have distal
tips that are flat or convexly curved. The posts preferably
have smooth, curved sidewalls extending from the slop-
ing distal end face to the distal tips. In one embodiment,
the posts have a height of about 508 mm (0.020 inches)
and the distal tips of the posts have a diameter of about
584.2 mm (0.023 inches).
[0093] In one embodiment, the posts have longitudinal
axes that are perpendicular to the sloping distal face of
the cap. The posts desirably have distal tips that define
flat surfaces that are parallel with the sloping distal face
of the cap.
[0094] In one embodiment, the surgical fastener deliv-
ery window formed in the sloping distal end face has an
upper edge, a bottom edge, and opposing side edges
that extend from the upper edge to the bottom edge. The
gripping posts are preferably located between the upper
and bottom edges and adjacent the opposing side edges
of the surgical fastener delivery window.
[0095] In one embodiment, the gripping posts compris-
es a first set of posts that are positioned adjacent a first
one of the side edges of the surgical fastener delivery
window and a second set of two posts that are positioned
adjacent a second one of the side edges of the surgical
fastener delivery window.
[0096] In one embodiment, the first set of posts are in
vertical alignment with one another along a first axis that
is parallel with the first side edge of the surgical fastener
delivery window, and the second set of posts are in ver-
tical alignment with one another along a second axis that
is parallel with the first axis and the second side edge of
the surgical fastener delivery window. Other sets of posts
may have three or more posts that are aligned with one
another along an edge of the delivery window.
[0097] In one embodiment, the first set of posts in-
cludes a top post and a bottom post that is extends distally
beyond the distal tip of the first post of the first set, and
the second set of posts includes a top post and a bottom
post that extends distally beyond the distal tip of the first
post of the second set. The positioning of the top and
bottom posts generally tracks the sloping distal end face
of the cap.
[0098] In one embodiment, an applicator instrument
for dispensing surgical fasteners preferably includes a
housing having an actuator, a shaft extending from the
housing, and a distal end cap secured to a distal end of
the shaft, the distal end cap having a bottom side, a top
side, a lower distal edge adjacent the bottom side, and
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an end face that lies on an outer surface of the distal end
cap and that slopes upwardly and proximally from the
lower distal edge to the top side of the distal end cap.
The cap desirably includes a surgical fastener delivery
window formed in the sloping end face for dispensing
surgical fasteners. The sloping distal end face extends
continuously around the outer perimeter of the surgical
fastener delivery window.
[0099] In one embodiment, a plurality of gripping posts
preferably project distally from the sloping end face of
the distal end cap for engaging a surgical mesh. The
gripping posts may be spaced from one another around
the outer perimeter of the surgical fastener delivery win-
dow.
[0100] In one embodiment, the surgical fastener deliv-
ery window has an upper edge, a bottom edge, and op-
posing side edges that extend from the upper edge to
the bottom edge. The gripping posts are located between
the upper and bottom edges and adjacent the opposite
sides of the surgical fastener delivery window.
[0101] The gripping posts desirably have longitudinal
axes that are perpendicular to the sloping distal end face.
In one embodiment, the gripping posts have distal tips
with flat surfaces that are parallel with the sloping distal
end face.
[0102] These and other preferred embodiments of the
present disclosure will be described in more detail below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0103]

FIG. 1 shows a left side view of an applicator instru-
ment for dispensing surgical fasteners, in accord-
ance with one embodiment of the present disclosure.

FIG. 2 shows a perspective view of a right side of
the applicator instrument of FIG. 1 during a surgical
procedure, in accordance with one embodiment of
the present disclosure.

FIG. 3 shows a perspective view of a surgical fas-
tener dispensed from the applicator instrument
shown in FIGS. 1 and 2, in accordance with one em-
bodiment of the present disclosure.

FIG. 4A shows a right side elevation view of a prox-
imal end of an applicator instrument used for dis-
pensing surgical fasteners with a right half of a han-
dle removed for showing internal components, in ac-
cordance with one embodiment of the present dis-
closure.

FIG. 4B shows the proximal end of the applicator
instrument of FIG. 4A with a trigger and a two-step
drive gear being transparent, in accordance with one
embodiment of the present disclosure.

FIG. 4C shows a perspective view of the proximal
end of the applicator instrument shown in FIG. 4A.

FIGS. 5A-5C show a counter for counting how many
surgical fasteners have been dispensed from an ap-
plicator instrument for dispensing surgical fasteners,
in accordance with one embodiment of the present
disclosure.

FIG. 6A shows an applicator instrument during a first
stage of a firing cycle, in accordance with one em-
bodiment of the present disclosure.

FIG. 6B shows an applicator during a second stage
of a firing cycle, in accordance with one embodiment
of the present disclosure.

FIG. 6C shows an applicator during a third stage of
a firing cycle, in accordance with one embodiment
of the present disclosure.

FIG. 6D shows an applicator during a fourth stage
of a firing cycle, in accordance with one embodiment
of the present disclosure.

FIG. 6E shows an applicator during a fifth stage of
a firing cycle, in accordance with one embodiment
of the present disclosure.

FIG. 6A-1 shows the counter of FIGS. 5A-5C during
the first stage of the firing cycle shown in FIG. 6A.

FIG. 6B-1 shows the counter during the second
stage of the firing cycle shown in FIG. 6B during
which a rotating link has begun to contact a counter.

FIG. 6C-1 shows the counter during the third stage
of the firing cycle shown in FIG. 6C during which the
counter has begun to deflect a dwell beam of the
counter.

FIG. 6D-1 shows the counter during the fourth stage
of the firing cycle shown in FIG. 6D during which the
counter has pivoted to a rear position.

FIG. 6E-1 shows the counter during the fifth stage
of the firing cycle shown in FIG.6E during which the
dwell beam of the counter is deflected further by a
rotating link.

FIGS. 7A-7C show the movement of the counter of
FIGS. 5A-5C during delivery of the last surgical fas-
tener, in accordance with one embodiment of the
present disclosure.

FIG. 8 shows a side elevation view of an advancer
element that cycles back and forth for advancing sur-
gical fasteners toward a distal end of an applicator
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instrument and an anti-backup member for prevent-
ing the surgical fasteners from moving proximally, in
accordance with one embodiment of the present dis-
closure.

FIG. 9 shows a cross-sectional view of an elongated
shaft of an applicator instrument including the ad-
vancer element and the anti-backup member shown
in FIG. 8, in accordance with one embodiment of the
present disclosure.

FIG. 10A shows a cross-sectional view of a distal
end of a right guide member disposed inside a shaft
of an applicator instrument including the advancer
element and the anti backup member shown in FIG.
8, in accordance with one embodiment of the present
disclosure.

FIG. 10B shows the right guide member of FIG. 10A
with a wire staging spring secured to the guide mem-
ber, in accordance with one embodiment of the
present disclosure.

FIG. 11A shows a distal end of an applicator instru-
ment including a left guide member, a wire staging
spring and a cap having a surgical fastener dispens-
ing window, in accordance with one embodiment of
the present disclosure.

FIG. 11B shows a bottom view of FIG. 11A.

FIGS. 12A-12E show a method of aligning a lead
surgical fastener with an insertion fork at a distal end
of a firing rod, in accordance with one embodiment
of the present disclosure.

FIG. 13A shows a perspective view of a cap secured
to a distal end of an elongated shaft of an applicator
instrument, in accordance with one embodiment of
the present disclosure.

FIG. 13B shows a bottom plan view of FIG. 13A.

FIG. 13C shows a cross-sectional view of the cap
shown in FIG. 13A.

FIG. 14A shows a top view of an open skirt mesh
having a distal end of an applicator instrument in-
serted into a central opening of the open skirt mesh,
in accordance with one embodiment of the present
disclosure.

FIG. 14B shows a magnified cross-sectional view of
FIG. 14A.

FIG. 14C shows a view of a stage of an open hernia
repair procedure with an open skirt mesh inserted
into a surgical opening and an applicator instrument

used for mesh fixation, in accordance with one em-
bodiment of the present disclosure.

FIG. 15A shows a left side view of an applicator in-
strument having an elongated shaft and a cap se-
cured to a distal end of the elongated shaft, in ac-
cordance with one embodiment of the present dis-
closure.

FIG. 15B shows a perspective view of the cap shown
in FIG. 15A.

FIG. 15C shows a top perspective view of the cap
shown in FIG. 15B.

FIG. 16 shows the cap at the distal end of the appli-
cator instrument of FIGS. 15A-15C inserted between
top and bottom mesh pieces of an open skirt mesh,
in accordance with one embodiment of the present
disclosure.

FIG. 17 shows an applicator instrument having an
elongated shaft that is rotatable, in accordance with
one embodiment of the present disclosure.

FIGS. 18A-18C show an edge adapter cap with a
living hinge that is securable to a distal end of an
elongated shaft of an applicator instrument, in ac-
cordance with one embodiment of the present dis-
closure.

FIG. 19 shows a side view of a distal end of an ap-
plicator instrument for dispensing surgical fasteners
including a curved outer shaft and a shaft rotating
element for changing the orientation of a distal end
of the curved outer shaft relative to a proximal end
of the curved outer shaft, in accordance with one
embodiment of the present disclosure.

FIG. 20 shows a cross-sectional view of the distal
end of the applicator instrument including the curved
outer shaft shown in FIG. 19.

FIG. 21 shows a perspective view of a distal end of
an applicator instrument for dispensing surgical fas-
teners including an articulating element and an outer
shaft rotating element for changing the orientation
of the distal end of the outer shaft relative to a prox-
imal end of the outer shaft, in accordance with one
embodiment of the present disclosure.

FIG. 22 shows a cross-sectional view of the outer
shaft shown in FIG. 21.

FIG. 23 shows an applicator instrument for dispens-
ing surgical fasteners, the applicator instrument hav-
ing an object imaging system, in accordance with
one embodiment of the present disclosure.
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FIG. 24 shows an elongated shaft for the applicator
instrument of FIG. 23 with an imaging device located
at a distal end of the elongated shaft, in accordance
with one embodiment of the present disclosure.

FIG. 25A shows a front perspective view of a cap
secured to a distal end of an elongated shaft of an
applicator instrument, the cap including an imaging
device and light sources, in accordance with one em-
bodiment of the present disclosure.

FIG. 25B shows a front view of the cap shown in FIG.
25A.

FIG. 25C shows a left side view of the cap shown in
FIG. 25A.

FIG. 25D shows a top plan view of the cap shown in
FIG. 25A.

FIG. 25E shows a cross-sectional view of the cap
shown in FIG. 25D taken along line 25E-25E of FIG.
25D.

FIG. 26 shows a schematic diagram of an imaging
system for the applicator instrument, in accordance
with one embodiment of the present disclosure.

FIG. 27 shows a side elevation view of an applicator
instrument for dispensing surgical fasteners and an
endoscopic instrument having an imaging device
that is attachable to the applicator instrument, in ac-
cordance with one embodiment of the present dis-
closure.

FIG. 28A shows a distal end of the endoscopic in-
strument shown in FIG. 27, in accordance with one
embodiment of the present disclosure.

FIG. 28B shows a schematic view of a distal end of
the endoscopic instrument shown in FIG. 28A.

FIG. 29 shows a clip for attaching an endoscopic
instrument having an imaging device to an applicator
instrument, in accordance with one embodiment of
the present disclosure.

FIG. 30A shows a side elevation view of an applicator
instrument having an endoscopic instrument with an
imaging device attached to the applicator instru-
ment, in accordance with one embodiment of the
present disclosure.

FIG. 30B shows a rear perspective view of the ap-
plicator instrument and the endoscopic instrument
shown in FIG. 30A.

FIG. 30C shows a front perspective view of the ap-

plicator instrument and the endoscopic instrument
shown in FIGS. 30A and 30B.

FIGS. 31A-31E show an end cap for an applicator
instrument used for dispensing surgical fasteners,
the end cap having gripping features for engaging a
surgical mesh, in accordance with one embodiment
of the present invention.

FIGS. 32A and 32B show the end cap of FIGS. 31A-
31E with the gripping features of the end cap engag-
ing a surgical mesh.

FIG. 33 shows the end cap of FIGS. 31A-31E during
a mesh fixation procedure, in accordance with one
embodiment of the present invention.

FIGS. 34A and 34B show the end cap of FIGS. 31A-
31E inserted into a pocket of a skirted mesh, in ac-
cordance with one embodiment of the present inven-
tion.

FIGS. 35A and 35B show an end cap for an appli-
cator instrument used for dispensing surgical fasten-
ers, the end cap having gripping features for engag-
ing a surgical mesh, in accordance with another em-
bodiment of the present invention.

FIGS. 36A and 36B show a prior art end cap for an
applicator instrument used for dispensing surgical
fasteners.

FIGS. 37A and 37B show the prior art end cap of
FIGS. 36A and 36B inserted into the pocket of a skirt-
ed mesh.

FIG. 38 shows a side-by-side comparison of the prior
art end cap of FIGS. 36A and 36B and the end cap
having gripping features shown in FIGS. 31A-31E.

DETAILED DESCRIPTION

[0104] Referring to FIG. 1, in one embodiment, an ap-
plicator instrument 30 for dispensing surgical fasteners
has a proximal end 32, a distal end 34, and a longitudinal
axis A1-A1 that extends between the proximal and distal
ends. The applicator instrument 30 desirably includes a
housing 35, a handle 36 extending upwardly from the
housing, a trigger 38 mounted on the handle, and an
elongated shaft 40 that extends distally from the housing
35. The elongated shaft 40 includes a first section 42 that
extends along the longitudinal axis A1-A1 of the applicator
instrument, and a second section 44 that is angled or
curved relative to the first section 42.
[0105] In one embodiment, a cap 46 is secured to the
distal end of the elongated shaft 40. The cap 46 prefer-
ably has a distal face 48 that slopes away from a lower
distal edge of the cap and toward the proximal end 32 of
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the applicator instrument 30.
[0106] In one embodiment, the handle 36 includes an
upper end 50 containing a counter 52 that indicates how
many surgical fasteners have been dispensed and/or
how many surgical fasteners remain loaded in the appli-
cator instrument. In one embodiment, the counter 52
locks the applicator instrument from further use when the
last surgical fastener has been dispensed. In one em-
bodiment, the counter 52 is visible at the upper end 50
of the handle 36 to provide a visual indicator of how many
of the surgical fasteners have been dispensed. The upper
end of the handle defines the top of the applicator instru-
ment 30. The housing 35 has a lower end 54 that defines
the bottom of the applicator instrument 30.
[0107] In one embodiment, the handle 36 preferably
leans toward the distal end 34 of the applicator instrument
30 to provide improved ergonomics for a surgeon so that
the surgeon may maintain his/her elbow and wrist in a
neutral position. In one embodiment, the handle 36 pref-
erably extends along a longitudinal axis A2-A2 that de-
fines an acute angle α1 with the longitudinal axis A1-A1
of the applicator instrument. In one embodiment, the an-
gle α1 is about 70-80° and more preferably about 75°.
During a surgical procedure, the lower end 54 of the hous-
ing 35 preferably faces toward a patient and the upper
end 50 of the handle 36 preferably faces away from the
patient.
[0108] Referring to FIG. 2, in one embodiment, the ap-
plicator instrument 30 shown in FIG. 1 may be used for
dispensing surgical fasteners during a surgical proce-
dure such as an open hernia repair procedure. In one
embodiment, the applicator instrument 30 has a plurality
of surgical fasteners that are pre-loaded in the shaft 40
for being dispensed when the trigger 38 is squeezed. In
one embodiment, a single surgical fastener is dispensed
each time the trigger 38 is squeezed. In one embodiment,
the applicator instrument 30 is used for dispensing sur-
gical fasteners for the fixation of a mesh, such as a sur-
gical mesh, to the soft tissue of a patient.
[0109] In FIG. 2, the angled second section 44 of the
shaft 40 has been inserted into a surgical opening. The
lower end 54 of the housing 35 faces toward the patient
and the upper end 50 of the handle 36 faces away from
the patient. A surgeon may grasp the handle 36 and
squeeze the trigger 38 for dispensing a surgical fastener
from the distal end of the shaft 40. In one embodiment,
the surgeon pulls the trigger 38 proximally (i.e. toward
the proximal end 32 of the applicator instrument) for dis-
pensing the surgical fasteners. The surgeon preferably
applies counter pressure on the patient’s tissue that op-
poses the distal end of the applicator instrument. In one
embodiment, a single surgical fastener is dispensed each
time the surgeon pulls the trigger 38 proximally, and the
system finishes the firing cycle when the trigger is re-
leased for allowing the trigger to return distally.
[0110] The second section 44 of the shaft 40 that is
curved and/or angled relative to the first section 42 of the
shaft preferably facilitates the accurate placement of sur-

gical fasteners into soft tissue. In one embodiment, the
applicator instrument 30 is used during an open surgical
repair procedure for addressing ventral hernias. The dis-
tal-most end of the curved shaft 40 is inserted into a pock-
et of an open skirt mesh having a top mesh piece and a
bottom mesh piece that are joined together at a peripheral
seam, whereupon surgical fasteners are dispensed from
the distal end of the applicator instrument for fixing the
top mesh piece to soft tissue.
[0111] In one embodiment, the handle 36 and the trig-
ger 38 are positioned above the housing 35 of the appli-
cator instrument. This configuration places the trigger 38
in a position that provides multiple advantages to a sur-
geon. First, the handle 36 is located in a position that
allows a surgeon’s elbow to be in a neutral position. The
handle 36 is also angled forward toward the distal end
34 of the applicator instrument 30 to facilitate a neutral
position for the surgeon’s wrist. In addition, the position
of the handle 36 above the housing 35 of the applicator
instrument 30 allows the bottom end 52 of the housing
35 to clear the body of the patient, which is particularly
preferable for open abdominal procedures.
[0112] In one embodiment, the combination of an up-
ward curvature of the shaft 40 and the forward angulation
or lean of the handle 36 toward the distal end 34 of the
applicator instrument complement each other to facilitate
the delivery of surgical fasteners along an upward trajec-
tory in the intended direction of fixation.
[0113] In one embodiment, the applicator instrument
30 is a multi-fire device including a plurality of surgical
fasteners stored therein as disclosed in commonly as-
signed U.S. Patent Application Publication Nos. US
2010/0292715; US 2010/0292712; US 2010/0292710;
US 2010/0292713; and US 2011/079627. In one embod-
iment, the applicator instrument includes a plurality of
surgical fasteners stored in series along the length of the
shaft 40. The shaft 40 preferably includes a pair of flat
stampings having tabbed features incorporated therein.
One of the flat stampings is stationary for preventing the
surgical fasteners from moving proximally within the shaft
40. The other flat stamping cycles in distal and proximal
directions each time the trigger 38 is squeezed and then
released to facilitate incremental advancement of the sur-
gical fasteners along the length of the shaft 40. The flat
nature of the stampings provides the stampings with flex-
ibility so that the stampings may curve to conform to the
curvature of the shaft while guiding the surgical fasteners
along the curved path defined by the shaft 40.
[0114] In one embodiment, the applicator instrument
includes a molded guide component that defines the
curved path of travel for the surgical fasteners. The flat
stampings are placed inside the molded guide compo-
nent. The molded guide component preferably provides
minimal friction and distortion upon the surgical fasten-
ers, the advancer element and the anti-backup member
as the surgical fasteners move distally through the shaft
40. In one embodiment, the guide component is made
of molded plastic and includes two halves that are as-
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sembled together for being contained within a conduit
extending through the elongated shaft 40.
[0115] Referring to FIG. 3, in one embodiment, a plu-
rality of surgical fasteners are pre-loaded into the shaft
of the applicator instrument 30 shown in FIGS. 1 and 2.
A single surgical fastener 60 includes a proximal end 62
and a distal end 64 having a pair of tapered ends 66, 68
that are spaced from one another for capturing mesh
fibers between the tapered ends. In one embodiment,
the surgical fastener 60 has one or more of the features
disclosed in commonly assigned U.S. Patent Application
Publication Nos. US 2010/0292715, US 2010/0292712,
US 2010/0292710, US 2010/0292713, and US
2011/079627.
[0116] Referring to FIGS. 4A and 4B, in one embodi-
ment, the applicator instrument 30 includes the housing
35 that contains a firing system, and a handle 36 project-
ing upwardly from the housing, whereby the handle has
an upper end 50 that contains the counter 52. The handle
includes the trigger 38 that is adapted to be pulled along
a linear path toward the proximal end 32 of the applicator
instrument 30. In one embodiment, the trigger 38 is
adapted to move along a linear path A3-A3 that defines
an angle α2 of about 10-20° and more preferably about
15° with the longitudinal axis A1-A1 of the applicator in-
strument 30.
[0117] In one embodiment, the applicator instrument
30 includes a firing system 70 having a spring block 72,
a firing rod 74, and a firing spring that stores energy as
the trigger 38 is squeezed. The firing system 70 prefer-
ably includes one or more features similar to those dis-
closed in commonly assigned U.S. Patent Application
Publication Nos. US 2010/0292715, US 2010/0292712,
US 2010/0292710, US 2010/0292713, and US
2011/079627. The firing system 70 is desirably coupled
with the trigger via a trigger rack 76 that slides proximally
and distally with the trigger along the axis A3-A3. The
trigger rack is coupled with a drive gear 78 that rotates
in a counter-clockwise direction when the trigger 38 is
squeezed toward the proximal end of the applicator in-
strument, and rotates in a clockwise direction when the
trigger 38 is released and moves distally toward the distal
end of the applicator instrument. The drive gear 78 has
external gear teeth 80 that mesh with teeth provided at
an upper end of a sliding yoke 82. As the drive gear 78
rotates in a counter-clockwise direction, the yoke 82
slides in a distal direction along the axis A1-A1. As the
drive gear 78 rotates in a clockwise direction, the yoke
82 slides in a proximal direction along the axis A1-A1,
preferably with a gear ratio of 0.9 to 1.5.
[0118] In one embodiment, the applicator instrument
30 includes a ratchet pawl 84 having a ratchet spring,
which is similar to the subassembly disclosed in com-
monly assigned U.S. Patent Application Publication Nos.
US 2010/0292715, US 2010/0292712, US
2010/0292710, US 2010/0292713, and US
2011/079627. The ratchet pawl 84 ensures that the slid-
ing yoke 82 moves to its distal-most position before it is

able to change direction and move proximally back into
the original position shown in FIG. 4A.
[0119] In one embodiment, the applicator instrument
30 includes a trigger return spring 86 that normally urges
the trigger 38 to move distally. The trigger return spring
86 includes a first arm 88 that is secured within a molded
portion of the handle 36, and a second arm 90 that pref-
erably engages the trigger 38. In one embodiment, a
proximal end of the trigger 38 has a tab 92 and the second
arm 90 engages the tab for normally urging the trigger
distally. The trigger return spring 86 preferably stores en-
ergy therein as the trigger 38 is squeezed and transfers
the stored energy back to the trigger when the trigger is
released for moving the trigger distally. In another em-
bodiment, the trigger return spring 86 acts directly on the
rotating links 110 and 112.
[0120] In one embodiment, the counter 52 includes a
rotatable disc 94 having gear teeth 96. The counter 52
includes a window 98 that is formed in the upper end 50
the handle 36 to provide visual access to a top surface
of the rotatable disc 94. The counter desirably includes
a lock-out pin 100 and a lock-out pin spring (not shown)
in contact with the lock-out pin. The applicator instrument
desirably includes a lock-out pin cover 102 that partially
covers a portion of the lock-out pin 100.
[0121] In one embodiment, the counter 52 has a lock-
out counter 104 that is pivotally secured to the handle 36
via a lock-out counter pivot 106. The counter 52 also
includes a lock-out counter spring 108 that normally urg-
es the lock-out counter 104 to pivot toward the distal end
of the applicator instrument 30. The lock-out counter 104
is adapted to toggle back and forth about the pivot 106
during each firing cycle.
[0122] FIG. 4B shows the applicator instrument 30 of
FIG. 4A with the trigger being transparent for clearly
showing a first rotating link 110 and a second rotating
link 112 coupled with the trigger 38. In one embodiment,
the first rotating link 110 is disposed inside the trigger 38
and is pivotally secured to the trigger 38 via a first pivot
114. The first rotating link 110 has an upper end 116
having upper gear teeth 118 that mesh with a rack 120
located inside the upper end of the handle 36. The first
rotating link 110 has a lower end 122 having lower gear
teeth 124. The trigger 38 includes a first internal slot 125
formed therein that is adapted to receive the first pivot
114 during assembly. Pivot 114 passes through a "snap
fit" feature of the first internal slot 125 during assembly.
This ensures that the two rotating links 110, 112 are piv-
otally secured.
[0123] The second rotating link 112 is pivotally secured
to the trigger 38 via a second pivot 126. The second ro-
tating link 112 has an upper end 128 with upper gear
teeth 130 that mesh with the lower gear teeth 124 of the
first rotating link 110. The first and second rotating links
110, 112 are coupled with one another via the opposing
gear teeth 124, 130, which ensure that the first and sec-
ond rotating links 110, 112 rotate at the same rate. The
second rotating link 112 has a lower end 132 having bot-
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tom teeth 134 that mesh with opposing teeth molded into
a second rack disposed above the housing 35 (not
shown). The trigger 38 includes a second molded slot
136 that receives the second pivot 126 during assembly.
Pivot 114 passes through a "snap fit" feature of internal
slot 136 during assembly. This ensures that the two ro-
tating links 110, 112 are pivotally secured. Further, the
rotating gear links 110, 112 have paired offset teeth 124,
130 to allow synchronized timing between two gears
made from the same mold.
[0124] The configuration of the first and second rotat-
ing links 110, 112 within the handle 36, and the pivotal
connection of the first and second rotating links with the
trigger 38 enables the trigger 38 to move along a single
linear path, namely axis A3-A3. The linear motion of the
trigger 38 allows the force and distance required to
squeeze the trigger to remain consistent no matter where
the squeezing forces are concentrated along the length
of the trigger, which minimizes the likelihood of binding
of the trigger.
[0125] Referring to FIG. 4C, in one embodiment, the
trigger return spring 86 normally urges the trigger 38 to
move distally. The trigger return spring 86 has the first
arm 88 secured within a molded portion of the handle 36
and the second arm 90 that engages a tab 92 at a prox-
imal face of the trigger 38. As the trigger is pulled toward
the proximal end 32 of the applicator instrument 30, the
tab 92 urges the second arm 90 of the trigger return spring
86 to move proximally for storing energy in the spring 86.
After the trigger 38 has been pulled to its most-proximal
position for dispensing a surgical fastener, the trigger 38
may be released, whereupon the second arm 90 of the
spring 86 urges the trigger 38 to move distally for return-
ing the trigger to the original position shown in FIG. 4C.
[0126] In one embodiment, the housing 35 and the
handle 36 includes left and right halves that are assem-
bled together. In one embodiment, the handle halves are
assembled together with press fit pins. In one embodi-
ment, the trigger 38 is captured between the left and right
halves of the housing and the handle. In one embodi-
ment, the trigger 38 travels in distal and proximal direc-
tions along a linear path having a total length of about
22.86 mm (0.9 inches). The applicator instrument pref-
erably has physical stops at the proximal and distal ends
of the linear path of travel of the trigger rack 76 that halt
the proximal and distal movement of the trigger along the
linear path A3-A3. In one embodiment, the left and right
halves are desirably made from a polymer such as glass
reinforced polycarbonate. In one embodiment, the trigger
is made of a polymer material such as a glass reinforced
polycarbonate.
[0127] In one embodiment, the housing 35 contains a
firing system having the firing spring, a spring block and
a firing rod, as disclosed in commonly assigned U.S. Pat-
ent Applicant Publication Nos. US 2010/0292715, US
2010/0292712, US 2010/0292710, US 2010/0292713,
and US 2011/079627. The spring block 72 and the firing
rod 74 are adapted to move in distal and proximal direc-

tions along the longitudinal axis A1-A1.
[0128] Referring to FIG. 4C, in one embodiment, the
trigger 38 is connected with the trigger rack 76 by means
of a tab extending from the trigger 38 that protrudes be-
tween two bosses on the trigger rack 76. In one embod-
iment, the tolerance of the fit between the trigger tab and
the trigger rack bosses is precise and close to allow min-
imal free play between the trigger and the trigger rack.
The existence of two separate trigger parts allows for a
stronger material (e.g., metal such as stainless steel) to
be used for the trigger rack 76. In addition, the separation
of the trigger tab from the trigger rack ensures that any
rotational forces exerted by the user on the trigger 38 are
limited to the trigger and are not exerted upon the trigger
rack 76. In one embodiment, the trigger rack 76 is cap-
tured between the left and right handle halves and is in
contact with the drive gear 78. The trigger rack 76 is
adapted to slide along an axis that is parallel with the axis
of movement A3-A3 of the trigger 38. In one embodiment,
the trigger rack travel is limited to about 22.86 mm (0.9
inches), with both distal and proximal stopping features
being located within the left handle half. In one embodi-
ment, the trigger rack has trigger rack gear teeth provided
at an underside thereof. The drive gear 78 has two sets
of gear teeth of differing radii to provide a two-step gear,
and the trigger rack gear teeth engage the smaller of the
gears of the drive gear 78.
[0129] The rotating links 110, 112 pivot about the re-
spective first and second pivots 114, 126 protruding into
opposing through holes in the trigger 38. The rotating
links 110, 112 are preferably captured by and restricted
in their rotational motion by features of the trigger. The
rotating links are coupled to each other via paired oppos-
ing gear teeth 124, 130 positioned near the middle of the
hand-squeezing area of the trigger 38. In one embodi-
ment, these matching gear teeth 124, 130 have a face
width of approximately 2.54 mm (0.1 inch), and a pitch
diameter of about 22.225 mm (0.875 inches). These di-
mensions and features allow the first and second rotating
links 110, 112 to mirror each other during movement.
The first and second rotating links 110, 112 also have
outer gear teeth 118, 134, respectively, with a face of
about 2.54 mm (0.1 inch) and a pitch diameter that is
about 26.467 mm (1.042 inches). These outer gear teeth
118, 134 desirably mate with corresponding opposing
rack gear features formed in the handle halves, one in
the right handle half, and one in the left handle half.
[0130] The engagement and timing of the gear features
for the first and second rotating links 110, 112 enables
the trigger 38 to move in a linear fashion along the axis
A3-A3, and also prevents the trigger from rotating about
a center point when squeezing forces are applied une-
venly along the hand-squeezing area of the trigger. The
ability of the trigger mechanism to convert linear motion
of the trigger into rotary motion through the drive gear 78
minimizes friction and any risk of binding. In one embod-
iment, the first and second rotating links 110, 112 are
preferably made from a polymer such as a glass rein-
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forced polycarbonate.
[0131] In one embodiment, the drive gear 78 desirably
connects the trigger rack 76 to the yoke 82 of the firing
system 70. The yoke 82 and the firing system 70 are
preferably similar to that disclosed in the firing system of
commonly assigned U.S. Patent Application Publication
Nos. US 2010/0292715, US 2010/0292712, US
2010/0292710, US 2010/0292713, and US
2011/079627. The drive gear preferably transfers the mo-
tion of the trigger along axis A3-A3 to the motion of the
yoke along the axis A1-A1. In one embodiment, these
two axes differ by about 15° such that proximal movement
of the trigger 38 along axis A3-A3 results in distal move-
ment of the yoke 82 along axis A1-A1. In one embodi-
ment, the drive gear 78 has a gear ratio that results in
22.86 mm (0.9 inches) of trigger travel producing 38.1
mm (1.5 inches) of yoke travel. In one embodiment, the
two-step drive gear 78 is preferably made of a metal such
stainless steel. The gear may be mounted on a metal pin
for rotating about the metal pin. In one embodiment, the
pin about which the drive gear 78 rotates is located and
constrained between the left and right handle halves.
[0132] In one embodiment, the trigger return spring 86
is positioned inside the handle so that the coils of the
spring 86 are captured over a post that extends between
the left and right handle halves. A first arm of the trigger
return spring is fixed relative to the handle halves and is
captured within a pocket, preferably formed within the
left handle half. A second or moving arm of the trigger
return spring, desirably has an L bend at its distal end,
and is biased against the trigger such that the trigger is
urged toward a forward distal position. The trigger return
spring 86 desirably exerts a force upon the trigger that
is about 0.91 kg (two pounds) pre-loaded and 4.08 kg
(nine pounds) under final load. In one preferred embod-
iment, the trigger return spring 86 provides a force of
about 2.27 kg (five pounds) pre-loaded and 3.18 kg (sev-
en pounds) final load. In one embodiment, the trigger
return spring 86 is desirably made of metal such as stain-
less steel.
[0133] Referring to FIGS. 5A-5C, in one embodiment,
the applicator instrument 30 includes the counter 52 hav-
ing the rotatable disc 94 and the gear teeth 96 projecting
below the rotatable disc 94. A window 98 is formed in the
upper end 50 of the handle 36 to provide visual access
to the top surface of the rotatable disc 94. The counter
52 includes a lock-out pin 100 that is adapted to drop
along the axis V1-V1 (FIG. 5A) when a slot formed in the
rotatable disc 94 has been rotated into alignment with an
extension arm 101 of the lock-out pin 100. The counter
52 also includes a lock-out pin cover 102 that extends
over a portion of the lock-out pin 100.
[0134] In one embodiment, the counter 52 has a lock-
out counter 104 that is pivotally secured to the left handle
half via a pivot point 106. A lock-out counter spring 108
normally urges the upper end of the lock-out counter 104
to pivot toward the distal end of the applicator instrument
30. The lock-out counter 104 toggles back and forth dur-

ing a firing cycle for rotating the rotatable disc 94 one
position to indicate that one surgical fastener has been
fired. The rotatable disc 94 is adapted to be rotated one
additional position each time another surgical fastener is
dispensed. In one embodiment, the lock-out counter 104
has a flexible cantilever beam 115 that is engaged by the
first rotating link 110 for toggling the lock-out counter 104
from the forward position to the rear position.
[0135] Referring to FIG. 5B, the lock-out counter 104
has a proximal tooth 120 and a distal tooth 122 that are
adapted to engage the gear teeth 96 projecting below
the rotatable disc 94. In one embodiment, as the lock-
out counter 104 pivots distally, the proximal tooth 122
engages the gear teeth 96 for rotating the disc 94 one
half of a position in the direction indicated R1. In one
embodiment, when the trigger 38 is fully squeezed, the
trigger contacts the lock-out counter 104 for pivoting the
upper end of the lock-out counter in a proximal direction
so that the distal tooth 122 engages the gear 96. When
the trigger 38 is released and moves distally, the lock-
out counter spring 108 pivots the upper end of the lock-
out counter 104 in a distal direction so that the proximal
tooth 120 engages the gear teeth 96 for rotating the disc
94 one half of a position in the direction R1. In one em-
bodiment, the rotatable disc 94 is rotated one position
(indicating that one surgical fastener has been fired) each
time the upper end of the lock-out counter 104 pivots
proximally and then distally to the initial position shown
in FIG. 5B. In one embodiment, when the last surgical
fastener has been dispensed, the lock-out pin 100 drops
for locking the trigger 38 in a proximal position.
[0136] FIG. 5C shows the window 98 formed at the
upper end 50 of the handle 36. The window 98 provides
visual access to the top surface of the rotatable disc 94
to provide an indication of how many surgical fasteners
have been fired and/or how many surgical fasteners re-
main in the applicator instrument 30.
[0137] In one embodiment, the counter and lock-out
assembly disclosed herein is generally similar to the
structure disclosed in commonly assigned U.S. Patent
Application Publication Nos. US 2010/0292715, US
2010/0292712, US 2010/0292710, US 2010/0292713,
and US 2011/079627.
[0138] In one embodiment, the lock-out pin spring and
the lock-out counter spring are desirably made of a metal
such as stainless steel. The components of the counter
52 are preferably made of polymer materials such as
acetal, ABS, glass reinforced acetal, or combinations
thereof.
[0139] FIGS. 6A and 6A-1 show the applicator instru-
ment 30 including the position of the trigger 38 and the
counter 52 at the beginning of a firing cycle, which is also
referred to herein as the first stage of the firing cycle. In
FIG. 6A, the second arm 90 of the trigger return spring
86 rests against the tab 92 of the trigger 38 to provide a
pre-load force that biases the trigger distally. The trigger
38 is constrained to move along the linear path of axis
A3-A3 by the pivots 114, 126 and the trigger rack 76. In
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turn, the trigger rack 76 is constrained from distal move-
ment by the distal stop 77 formed in the left handle half.
Referring to FIG. 6A-1, at the beginning of the firing cycle,
the lock-out counter 104 of the counter 52 is pivoted dis-
tally by the lock-out counter spring 108. The lock-out pin
100 is held up by the rotatable disc 94.
[0140] FIGS. 6B and 6B-1 show the applicator instru-
ment 30 during a second stage of a firing cycle. The trig-
ger 38 has been partially squeezed so that the trigger 38
and the trigger rack 76 have moved proximally about
12.344 mm (0.486) inches from the start position shown
in FIGS. 6A and 6A-1. The first rotating link 110 has made
initial contact with the dwell beam 115 of the lock-out
counter 104. The second arm 90 of the trigger return
spring 86 has flexed proximally for increasing the spring
force against the trigger 38. The proximal movement of
the trigger rack 76 along axis A3-A3 rotates the drive
gear 78 in a counter-clockwise direction, which, in turn,
advances the yoke 82 distally along the axis A1-A1 for
advancing the firing rod and storing energy in the firing
spring of the firing system, as disclosed in commonly
assigned U.S. Patent Application Publication Nos. US
2010/0292715, US 2010/0292712, US 2010/0292710,
US 2010/0292713, and US 2011/079627.
[0141] FIGS. 6C and 6C-1 show the applicator instru-
ment 30 during a third stage of the firing cycle. The trigger
38 and the trigger rack 76 have moved proximally about
13.640 mm (0.537 inches) from the beginning the firing
cycle (see FIG. 6A) due to continued squeezing of the
trigger 38. Further proximal movement of the trigger rack
76 along the axis A3-A3 results in further rotation of the
drive gear 78, which causes corresponding distal move-
ment of the yoke 82 along the axis A1-A1. As the yoke
82 moves distally, energy may be stored in a firing spring
located inside the spring block 72. The second arm 90
of the trigger return spring 86 has been further flexed
proximally for increasing the return force against the trig-
ger 38. During the third stage, the first rotating link 110
deflects the dwell beam 115 of the lock-out counter 104
proximally by about 737 mm (0.029 inches). The force
applied to the dwell beam 115 by the first rotating link
110 is in equilibrium with the counter force provided by
the lock-out counter spring 108, so that the lock-out coun-
ter 104 is "primed" for toggling from the forward position
shown in FIG. 6C-1 to a rear position.
[0142] FIGS. 6D and 6D-1 show the applicator instru-
ment 30 during a fourth stage of the firing cycle. The
trigger 38 and the trigger rack 76 have moved proximally
about 18.186 mm (0.716 inches) due to continued
squeezing of the trigger 38. The second arm 90 of the
trigger return spring 86 has further flexed proximally for
increasing the return force against the trigger 38. Linear
movement of the trigger rack 76 in a proximal direction
along the axis A3-A3 results in continued counter-clock-
wise rotation of the drive gear 78, which causes corre-
sponding distal sliding motion of the yoke 82 along the
axis A1-A1 toward the distal end of the applicator instru-
ment 30, and storing additional energy in the firing spring

75 inside the spring block 72. The first rotating link 110
has deflected the dwell beam 115 of the lock-out counter
104 by about 1.118 mm (0.044 inches). At this point, the
rearward force applied to the dwell beam 115 of the lock-
out counter 104 has overcome the counter force provided
by the lock-out counter spring 108 so that the upper end
of the lock-counter 104 is biased proximally into the rear
position. When the lock-out counter 104 toggles to the
rear position, the distal tooth 122 engages the gear 96
for rotating the rotatable disc 94 by one-half tooth of the
gear 96.
[0143] FIGS. 6E and 6E-1 show the applicator instru-
ment 30 during a fifth stage of the firing cycle. The trigger
38 and the trigger rack 76 have moved proximally about
22.860 mm (0.900 inches) from the commencement of
the firing cycle (FIG. 6A) due to continued squeezing of
the trigger. The proximal sliding movement of the trigger
rack 76 is halted by a proximal stop 85 molded into the
handle 36. At this stage, the trigger rack 76 has contacted
the proximal stop 85 and the proximal movement of the
trigger 38 and the trigger rack 76 is complete. The second
arm 90 of the trigger return spring 86 has flexed further
for increasing the return force against the trigger 38 to a
peak value. Proximal movement of the trigger rack 76
along axis A3-A3 has resulted in continued rotation of
the drive gear 78, which, in turn, causes distal movement
of the yoke 82 along axis A1-A1 as described in com-
monly assigned U.S. Patent Application Publication Nos.
US 2010/0292715, US 2010/0292712, US
2010/0292710, US 2010/0292713, and US
2011/079627. Before the end of stage five, the firing rod
is released and the energy in the firing spring is trans-
ferred to the firing rod to move the firing rod distally for
dispensing a surgical fastener. The first rotating link 110
has deflected the dwell beam 115 of the lock-out counter
104 by about 2.921 mm (0.115 inches). The upper end
of the lock-out counter 104 remains toggled over to the
rear position whereby the distal tooth 122 contacts the
gear 96.
[0144] During the fifth stage of the firing cycle shown
in FIG. 6E, the trigger 38 has been fully squeezed and
the drive gear 78 has advanced the proximal end of the
yoke 82 distally beyond the ratchet pawl 84. With the
proximal end of the yoke 82 clear of the ratchet pawl 84,
the ratchet pawl may re-set so that the yoke 82 is free to
once more slide toward the proximal end 32 of the appli-
cator instrument 30 for commencing another firing cycle.
[0145] In one embodiment, when the trigger 38 is re-
leased, the energy stored in the trigger return spring 86
is transferred to the trigger 38 for urging the trigger to
move in a distal direction along the axis A3-A3 for return-
ing the trigger to the initial trigger position shown in FIG.
6A. Corresponding resetting actions of the yoke 82 and
the firing system 70 are similar to the movements dis-
closed in commonly assigned U.S. Patent Application
Publication Nos. US 2010/0292715, US 2010/0292712,
US 2010/0292710, US 2010/0292713, and US
2011/079627.
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[0146] When the trigger 38 is released, the first rotating
link 110 moves distally for removing a compression force
on the dwell beam 115 of the lock-out counter 104. The
lock-out return spring 108 preferably toggles the upper
end of the lock-out counter 104 in a distal direction and
back to the forward position shown in FIG. 6A-1. The
back and forth toggling of the lock-out counter 104 will
result in incremental rotation of the rotatable disc 94 of
the counter 52.
[0147] In one embodiment, the counter 52 locks the
trigger in a proximal position (FIG. 6E) when the last sur-
gical fastener has been fired. Referring to FIG. 7A, in one
embodiment, the trigger 38 has a hook 140 projecting
from a proximal end thereof. The hook 140 moves simul-
taneously with the trigger 38 as the trigger moves in prox-
imal and distal directions along the axis A3-A3. In FIG.
7A, the trigger hook 140 is proximal to the lock-out pin
hook 142.
[0148] The lock-out pin 100 has a lock-out pin hook
142 that is adapted to engage the trigger hook 140 when
the last surgical fastener has been fired. In FIG. 7A, a
radial slot provided in the rotatable disc 94 is aligned with
the arm 101 of the lock-out pin 100. As a result, the lock-
out pin 100 is free to fall toward the bottom of the appli-
cator instrument along the axis V1-V1. The lock-out pin
100 is urged downward by a lock-out pin spring 150. The
dwell beam 115 of the lock-out counter 104 ensures that
the lock-out pin 100 drops before the trigger hook 140
passes beyond the lock-out pin hook 142. As the trigger
38 is pulled proximally, a ramp feature on the leading
edge of the trigger hook 140 deflects the lock-out pin 100
upward along the axis V1-V1.
[0149] Referring to FIG. 7B, as the trigger continues
to travel proximally, the lock-out pin 100 eventually drops
again so that the hook 142 of the lock-out pin 100 is distal
to the hook 140 connected with the trigger 38. Referring
to FIG. 7C, when the trigger 38 is released, the trigger
return spring 86 urges the trigger distally until the lock-
out pin hook 142 engages the trigger hook 140 to halt
the trigger 38 from moving further distally along the axis
A3-A3. As a result, the trigger 38 is locked in the position
shown in FIG. 7C and the applicator instrument 30 may
no longer be used for dispensing surgical fasteners.
[0150] Referring to FIG. 8, in one embodiment, the fir-
ing system preferably includes an advancer element 160
having advancer element tabs 162 and an anti-backup
member 164 having anti-backup tabs 166. During a com-
plete firing cycle of the applicator instrument disclosed
herein, the advancer element 160 cycles distally and
proximally for advancing surgical fasteners 60 one seg-
ment toward the distal end of the applicator instrument.
In one embodiment, when the trigger 38 (FIG. 1) is
squeezed, the advancer element 160 moves distally (to
the left in FIG. 8) whereupon the advancer element tab
162 abuts against a rear of the surgical fastener 60 for
advancing the surgical fastener in a distal direction.
When the trigger is released and moves distally for re-
turning to the initial position, the advancer element 160

moves in a proximal direction toward the proximal end
of the applicator instrument. The anti-backup tabs 166
prevent the surgical fasteners from moving proximally as
the advancer element moves proximally. The advancer
element 160 moves distally each time the trigger is
squeezed and moves proximally when the trigger is re-
leased for returning to a start position at the beginning
of a firing cycle. The anti-backup member 164 remains
stationary during the firing cycles. The anti-backup tabs
166 preferably contact the surgical fasteners for prevent-
ing the surgical fasteners from moving proximally within
the elongated shaft 40 (FIG. 1) of the applicator instru-
ment. This system is also described in commonly as-
signed U.S. Patent Appln. Publication Nos. US
2010/0292715, US 2010/0292712, US 2010/0292710,
US 2010/0292713, and US 2011/079627.
[0151] Referring to FIG. 9, in one embodiment, the ap-
plicator instrument 30 includes the elongated shaft 30,
which is preferably angled or curved, and a guide mem-
ber 168 that extends through the shaft. The guide mem-
ber 168 may be a molded part including an advancer
element channel AC and a firing channel FC. In one em-
bodiment, the guide member 168 preferably has a first
half 170A and a second half 170B that are assembled
together. In one embodiment, the anti-backup member
164, the advancer element 160, and the surgical fasten-
ers 60 are positioned within the advancer element chan-
nel AC of the first half 170A of the guide member, and
the firing rod 74 and an insertion fork are positioned within
the firing channel FC of the first half 170A of the guide
member. The second half 170B of the guide member is
assembled with the first half 170A for forming the assem-
bled guide channel 168.
[0152] In one embodiment, the surgical fasteners 60
advance through the advancer element channel AC while
lying within a laterally extending horizontal plane HP that
is perpendicular to a vertical plane VP extending through
the top and bottom of the applicator instrument. The ori-
entation of the surgical fasteners within the guide mem-
ber 168 enables the surgeon to control and/or be aware
of the orientation of the surgical fasteners as they are
dispensed from the shaft of the applicator instrument.
[0153] In one embodiment, the advancer element 160
advances the surgical fastener 60 distally through the
advancer element channel AC and toward the distal end
of the shaft 40. When the surgical fastener 60 becomes
the lead surgical fastener at the distal end of the shaft
40, a staging leaf attached to the distal end of the anti-
backup member 164 transfers the lead surgical fastener
60 from the advancer element channel AC to the firing
channel FC for being aligned with the insertion fork at
the distal end of the firing rod 74.
[0154] FIG. 10A shows the distal end of the first half
170A of the guide member 168. The second half 170B
(FIG. 9) of the guide member has been removed to more
clearly show the advancer element channel AC and the
firing channel FC of the guide member 168. In one em-
bodiment, twenty surgical fasteners 60A, 60B, 60C, ...
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60T are positioned between the advancer element 160
and the anti-backup member 164. The advancer element
160 cycles back and forth for advancing the surgical fas-
teners 60A, 60B, 60C, ... 60T toward the distal end of the
advancer element channel AC. The distal end of the anti-
backup member 164 includes a staging leaf 174 that
moves the lead surgical fastener 60A into the firing chan-
nel FC for alignment with the insertion fork 176 at the
distal end of the firing rod 74.
[0155] Referring to FIGS. 9 and 10B, in one embodi-
ment, the applicator instrument 30 includes a staging
spring 178, such as a wire staging spring that is adapted
to urge the staging leaf 174 to move into alignment with
the insertion fork 176. In one embodiment, the wire stag-
ing spring 174 is U-shape and has a closed distal end
180 that passes through a window 182 formed in the
distal end of the guide member 168. The closed distal
end 180 of the wire staging spring 178 preferably engag-
es the staging leaf 174 for urging the staging leaf to move
into alignment with the insertion fork 176. As a result,
after the lead surgical fastener 60A has been advanced
onto the staging leaf 174 by the advancer element 160,
and the advancer element is retracted, the wire staging
spring 178 transfers the lead surgical fastener 60A from
the advancer element channel AC to the firing channel
FC for being aligned with the insertion fork 176 at the
distal end of the firing rod 74. The firing rod and the in-
sertion fork may then be extended for guiding the tines
of the insertion fork onto the lead surgical fastener 60A.
[0156] Referring to FIGS. 11A and 11B, in one embod-
iment, the wire staging spring 178 has a proximal end
184 that is secured to the guide member 168 and a closed
distal end 180 that passes through the window 182
formed through the guide member adjacent the distal end
of the guide member.
[0157] Referring to FIG. 11B, the wire staging spring
178 includes a first arm 186 that is secured to the first
half 170A of the guide member 168 and a second arm
188 that is secured to the second half 170B of the guide
member 168. The closed distal end 180 of the wire stag-
ing spring 178 passes through the window 182 (FIG. 11A)
formed adjacent the distal end of the guide member 168.
[0158] FIGS. 12A-12E show the operation of the wire
staging spring 178 for urging the staging leaf into align-
ment with the insertion fork at the distal end of the firing
rod. Referring to FIG. 12A, the insertion fork 176 and the
firing rod 74 are in a retracted position at the beginning
of a firing cycle. A lead surgical fastener 60A has been
advanced toward a distal end 34 of the applicator instru-
ment. The distal end 180 of the wire staging spring 178
deflects the staging leaf 174 down into the firing channel
FC of the guide member 168.
[0159] Referring to FIG. 12B, the trigger is pulled to-
ward the proximal end of the device, which, in turn, moves
the advancer element 160 toward the distal end 34 of the
applicator instrument, whereby the advancer element tab
162 pushes the lead surgical fastener 60A distally for
loading the lead surgical fastener onto the staging leaf

at the distal end of the anti-backup member 164. The
distal end of the extended advancer element 160 flexes
the staging leaf and the wire staging spring 178 upwardly
and away from the firing channel FC.
[0160] Referring to FIG. 12C, during a later stage of
the firing cycle, the advancer element 160 is retracted
whereupon the distal end 180 of the wire staging spring
178 urges the staging leaf 174 downwardly into the firing
channel FC for aligning the lead surgical fastener 60A
with the insertion fork 176. The staging leaf 174, which
has been deflected downwardly into the firing channel,
holds the lead surgical fastener 60A in position for being
engaged by the insertion fork 176.
[0161] FIG. 12D shows a later stage of the firing cycle
during which the insertion fork 176 and the firing rod 74
move distally whereupon the tines of the insertion fork
176 engage the lead surgical fastener 60A. As the inser-
tion fork moves distally, the insertion fork 176 deflects
the staging leaf 174 and the wire staging spring 178 out
of the firing channel FC and into the advancer element
channel AC.
[0162] FIG. 12E shows the firing rod 74 and the inser-
tion fork 176 fully extended in a distal-most position for
dispensing the lead surgical fastener 60A from the distal
end of the applicator instrument. The fully extended in-
sertion fork 176 and firing rod 74 continue to deflect the
staging leaf 174 and the wire staging spring 178 into the
advancer element channel AC.
[0163] Referring to FIGS. 13A-13C, in one embodi-
ment, a cap 190 is secured to the distal end of the outer
shaft 40. In one embodiment, the cap 190 is affixed to
the distal end of the outer shaft so that the cap 190 does
not rotate or translate relative to the shaft 40. In one em-
bodiment, the shaft 40 has an outer diameter OD1 of
about 6-12mm and more preferably about 8mm. The cap
190 preferably has a smooth, curved and contoured outer
surface that has no sharp edges so that the cap will not
snare or damage the mesh fabric of a mesh implant.
[0164] In one embodiment, the cap 190 has a lower
distal edge 192 that extends along the bottom of the cap
and a delivery window 194 for dispensing a surgical fas-
tener. In one embodiment, the cap 190 is adapted for
insertion into the pocket of an open skirt mesh having a
top mesh piece and a bottom mesh piece joined at a
peripheral seam, whereby the lower distal edge 192 is
advanced into contact with the inside of the seam and
the cap may be easily slid along the inside of the seam
between the top and bottom layers without snagging or
damaging the mesh material. The lower distal edge 192
is adapted to sit atop the bottom mesh piece of an open
skirt mesh to ensure that the delivery window 194 of the
cap 190 is a set distance above the seam of the skirted
mesh.
[0165] In one embodiment, the delivery window 194
has an upper end 196 and a lower end 198. The lower
end 198 of the delivery window 194 is preferably spaced
from the lower distal edge 192 to ensure that surgical
fasteners are dispensed above the seam of the open skirt
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mesh and into the top mesh piece of the implant. Refer-
ring to FIG. 13B, in one embodiment, the lower distal
edge 192 includes a central section 200 having a length
L1 of about 6-10mm that generally matches the outer
diameter OD1 of the shaft 40 and first and second exten-
sions 202, 204 that extend beyond the outer diameter
OD1 of the shaft 40 about 2-3mm. With the addition of
the first and second extensions 202, 204, the lower distal
edge 192 has a total length L2 of about 10-20mm that is
greater than the outer diameter OD1 of the shaft 40. In
one embodiment, the first and second extensions 202,
204 have bottom surfaces that are convex and that ex-
tend laterally from the bottom surface of the lower distal
edge, and first and second top surfaces 206, 208 that
are concave and that extend toward an upper end 210
of the cap 190. The first and second extensions 202, 204
preferably distribute forces over a broader area of mesh,
such as a bottom mesh piece of an open skirt mesh, such
as when a physician applies forward forces on the appli-
cator instrument handle and counter-pressure on oppos-
ing tissue.
[0166] In one embodiment, the cap has a proximal end
212 that that is secured to the distal end of the shaft 40
and that transitions into a cylindrical shape to match the
outer diameter OD1 of the shaft 40. In one embodiment,
the proximal end 212 of the cap 190 has an outer diameter
OD2 of about 6-12mm and more preferably about 8mm
that generally matches and conforms to the outer diam-
eter OD1 of the shaft 40.
[0167] Referring to FIGS. 13A and 13C, in one embod-
iment, the cannula cap 190 has a distal face 214 that
slopes upwardly and proximally from the lower distal
edge 192 to the upper end 210 of the cannula cap 190.
When the cap 190 is inserted into the pocket of an open
skirt mesh having a peripheral seam, the lower distal
edge 192 is preferably abutted against a bottom mesh
piece of the open skirt mesh and advanced toward an
inside of a seam until the sloping distal face 214 engages
the top mesh piece of the open skirt mesh to ply the top
mesh piece of the skirt away from the bottom mesh ad-
jacent the inside of the seam. The delivery window 194
is desirably spaced from the lower distal edge 192 to
insure that the surgical fasteners 60 dispensed through
the delivery window pass through the top mesh piece
and not the peripheral seam or the bottom mesh piece
of the open skirt mesh. The first and second extensions
202, 204 further ensure that the cap orients the device
relative to the seam of the mesh such that surgical fas-
teners are delivered into the top mesh piece.
[0168] In one embodiment, the cap 190 is contoured
to ensure there are no sharp edges at the distal end of
an applicator instrument that may catch or damage the
mesh fabric of an implant. The contoured cap ensures
that a physician may slide a distal end of an applicator
instrument along the inside of a seam of an open skirt
mesh when positioning or re-positioning the distal end of
the application instrument for initial and subsequent de-
ployment of surgical fasteners.

[0169] Referring to FIGS. 14A-14C, in one embodi-
ment, an applicator instrument 30 having the elongated
shaft 40 and the cap 190 is used to secure an open skirt
mesh 216 to soft tissue. In one embodiment, the open
skirt mesh 216 has a bottom mesh piece 218, a top mesh
piece 220 with a central opening 222, and a peripheral
seam 224 that joins the outer edges of the bottom mesh
piece 218 and the top mesh piece 220 to define a pocket
226 that extends between the top and bottom mesh piec-
es.
[0170] In one embodiment, the cap 190 and the distal
end of the shaft 40 of an applicator instrument 30 are
inserted through the central opening 222 of the top mesh
piece 220 and advanced into the pocket 226 and toward
the peripheral seam 224 of the open skirt mesh 216. The
lower distal edge 192 (FIG. 14B) of the cap 190 is abutted
against the bottom mesh piece 218 and advanced toward
the peripheral seam 224, whereupon the lower distal
edge 192 and the sloping distal face 214 (FIG. 14B) of
the cap 190 ply the top mesh piece 220 away from the
bottom mesh piece 218 at the peripheral seam 216. The
lower distal edge 192 of the cap 190 spaces the dispens-
ing window 194 of the cap 190 above the seam 224 and
in alignment with the top mesh piece 220 so that the
surgical fastener 60 (FIGS. 3 and 12E) passes through
the top mesh piece 220 and does not pass through the
seam 224 or the bottom mesh piece 218.
[0171] In one embodiment, a patient with a ventral her-
nia is prepared for an open hernia repair procedure. The
skin area surrounding the hernia is scrubbed with a con-
ventional antimicrobial solution, such as betadine. The
patient is administered conventional general anesthesia
in a conventional manner by induction and inhalation. In
one embodiment, the surgeon initiates the surgical pro-
cedure by making an incision in the skin and subcutane-
ous tissue overlying the hernia. In the case of planned
intra-peritoneal mesh placement, the hernia sac is
opened. The edges of the healthy fascia around the de-
fect are examined and any attachments of the viscera to
the abdominal wall are divided to create a free space for
fixation of the mesh.
[0172] At this stage of the surgical procedure, the sur-
geon prepares a surgical mesh. The surgical mesh may
be a shirted hernia mesh having a bottom repair layer
and a top fixation layer, or any suitable mesh such as the
mesh disclosed in commonly assigned U.S. Patent Ap-
pln. Ser. No. 13/443,347, filed April 10, 2012, entitled
"SINGLE PLANE TISSUE REPAIR PATCH". In one em-
bodiment, the bottom repair layer of a skirted hernia mesh
may be referred to as a bottom mesh piece and the top
fixation layer may be referred to as a top mesh piece.
The outer peripheries of the respective bottom repair lay-
er and the top fixation layer are preferably joined together
at a peripheral seam that extends around the outer pe-
rimeter of the skirted hernia mesh. In one embodiment,
the top fixation layer desirably has an opening in the cent-
er. In one embodiment, four sutures may be placed at
the four compass points of the mesh (i.e., North, South,
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East, and West).
[0173] In one embodiment, the mesh is inserted
through the skin incision and through the fascia defect
into the pre-peritoneal space. The surgeon desirably de-
ploys the mesh into the abdominal cavity by hand. The
mesh is oriented such that the bottom repair layer is fac-
ing the patient’s abdominal contents and the top fixation
layer is facing the abdominal wall. The sutures may be
secured trans-abdominally using suture passers, as de-
sired.
[0174] In one embodiment, an applicator instrument is
used for dispensing surgical fasteners for mesh fixation.
In one embodiment, the applicator instrument is desirably
oriented so that the handle and trigger are above the
body of the applicator instrument for being clear of the
patient’s abdomen. The elongated outer shaft of the ap-
plicator instrument is preferably inserted through the cen-
tral opening formed in the top fixation layer so that the
distal end of the shaft is disposed between the top fixation
layer and the bottom repair layer. In one embodiment,
the outer shaft of the applicator instrument is curved and
the curvature of the outer shaft is pointed upward and
away from the posterior end of the patient (i.e., toward
the top fixation layer). With the cap of the applicator in-
strument between the top fixation layer and the bottom
repair layer, the cap is advanced toward the outer pe-
riphery of the mesh implant until the cap reaches the
peripheral seam of the mesh. In one embodiment, while
the applicator instrument is held with the surgeon’s first
hand, the second hand may be used to apply external
counter pressure to the skin, opposing the cap at the
distal end of the applicator instrument. The cap has a
lower distal edge that contacts the bottom repair layer
and the inside of the peripheral seam. The cap preferably
has a distal face that slope upwardly and away from the
lower distal edge. When the lower distal edge of the cap
is advanced to the seam, the sloping distal face of the
cap plies the top fixation layer away from the bottom re-
pair layer. The lower distal edge desirably functions as
a spacer that ensures that the surgical fastener dispens-
ing window in the cap is above the peripheral seam of
the mesh implant and is aligned with the top fixation layer.
[0175] In one embodiment, with the dispensing window
of the cap aligned with the top fixation layer, the trigger
is squeezed with a single stroke action to deploy a sur-
gical fastener or strap through the cap dispensing window
for securing the top fixation layer to the abdominal wall.
The trigger returns itself to an initial start position for a
firing cycle. The applicator instrument is preferably repo-
sitioned to another point along the seam of the mesh and
another surgical fastener is delivered. The process is re-
peated until the entire perimeter of the mesh is secured,
with the surgical fasteners desirably spaced about 1-2
mm apart around the periphery of the mesh implant. In
one embodiment, a second series of straps may option-
ally be applied closer to the center of the mesh in what
is called a double crown technique.
[0176] In one embodiment, after 20 surgical fasteners

have been dispensed, the applicator instrument will lock
out with the trigger closed. If needed, a new applicator
instrument may be used to complete the remainder of
the repair procedure. After a desired number of surgical
fasteners have been deployed, the applicator instrument
is removed from the patient. The hernia defect may be
primarily closed if desired. The skin incision may be
closed using appropriate suturing or closure techniques,
and the incision is appropriately bandaged. After the re-
pair procedure is complete, the patient may be moved to
a recovery room.
[0177] Referring to FIGS. 15A-15C, in one embodi-
ment, an applicator instrument 330 includes a handle 336
having a trigger 338 and a shaft 340 extending from a
distal end of the handle 336. A cap 390 is desirably se-
cured to a distal end of the shaft. The cap 390 preferably
includes a delivery window 394 for dispensing surgical
fasteners from the distal end of the applicator instrument
330. In one embodiment, the cap 390 has a lower distal
edge 392 and first and second lateral extensions 402,
404 that extend laterally from the lower distal edge 392.
The first and second lateral extensions 402, 404 prefer-
ably extend beyond the outer diameter of the outer shaft
340 to define a length that is greater than the outer di-
ameter of the shaft.
[0178] Referring to FIG. 16, in one embodiment, the
distal end of the applicator instrument 330 is adapted for
being inserted into a pocket of an open skirt mesh 416.
In one embodiment, the open skirt mesh 416 preferably
includes a bottom mesh piece 418 and a top mesh piece
420 that opposes the bottom mesh piece 418. The outer
edges of the bottom and top mesh pieces 418, 420 are
joined together at a peripheral seam 422. When the cap
390 is inserted into the pocket of the skirted mesh 416,
the lower distal edge 392 and the first and second lateral
extensions 402, 404 preferably engage the inner surface
of the bottom mesh piece 418 for flattening the bottom
mesh piece in the vicinity of the cap 390. The lower distal
edge 392 preferably has a thickness that spaces the de-
livery window 394 above the seam 422 to ensure that
the surgical fasteners are dispensed through the top
mesh piece 420 and not the seam 424 or the bottom
mesh piece 418.
[0179] Referring to FIG. 17, in one embodiment, an
applicator instrument 430 includes a handle 436 and an
elongated shaft 440 extending distally from the handle
436. The applicator instrument 430 includes a rotating
element 445 secured to the outer shaft 440. A cap 490
is secured to a distal end of the outer shaft 440. The cap
490 may include one or more of the features disclosed
in the embodiments shown in FIGS. 13A-13C or FIGS.
15B-15C. In one embodiment, the rotating element 445
may be engaged for rotating the elongated shaft 440
about its longitudinal axis. The cap 490 preferably rotates
simultaneously with the shaft 440.
[0180] Referring to FIGS. 18A-18C, in one embodi-
ment, an applicator instrument desirably includes a cap
490 secured to a distal-most end of an outer shaft. The
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cap 490 includes a distal-lower edge 492 having a con-
cave bottom surface 495. The cap 490 includes first and
second extensions 502, 504 that extend laterally from
the lower distal edge 492. The cap 490 preferably in-
cludes a delivery window 494 that is aligned with the firing
chamber of the applicator instrument for dispensing sur-
gical fasteners through the delivery window.
[0181] In one embodiment, the distal-lower end 492 of
the cap 490 has a thickness that spaces the delivery win-
dow 494 from the concave bottom surface 495 of the
distal-lower edge. After the lower distal edge 492 is abut-
ted against the inside of the peripheral seam of a mesh
implant, the thickness of the lower distal edge ensures
that the delivery window 494 of the cap 490 is spaced
above and away from the peripheral seam so that the
surgical fasteners are dispensed into the top mesh piece
of a skirted mesh, and not into the seam or the bottom
mesh piece.
[0182] In one embodiment, when the cap 490 is insert-
ed into the pocket of a skirted mesh, the lower distal edge
492 is advanced toward the peripheral seam of the skirted
mesh with the concave bottom surface 495 facing the
bottom mesh piece and the delivery window aligned with
the top mesh piece. In one embodiment, the concave
bottom surface 495 of the lower distal edge 492 desirably
provides a living hinge that is flexible so that the lower
distal edge may flatten out for stretching a mesh piece
(e.g., a bottom mesh piece) of an implant during posi-
tioning of the cap 490 for dispensing a surgical fastener.
[0183] Referring to FIG. 19, in one embodiment, an
applicator instrument 630 for dispensing surgical fasten-
ers includes a curved outer shaft 640, similar to the struc-
ture described above in FIG. 1, having a proximal section
642 and a distal section 644 that is coupled with the prox-
imal section via a curved section 645. In one embodi-
ment, the applicator instrument 630 preferably includes
an outer shaft rotating element 655 rotatably mounted to
a distal end of a device housing 635. The outer shaft
rotating element 635 is connected with the proximal sec-
tion 642 of the outer shaft 640 for selectively rotating the
outer shaft 640. As a result, the outer shaft rotating ele-
ment 655 enables an operator to selectively rotate the
proximal section 642 of the curved outer shaft 640 along
a longitudinal axis A1 for changing the orientation of the
distal end section 644.
[0184] FIG. 20 shows a cross-section of the applicator
instrument 630 in FIG. 19. Referring to FIG. 20, in one
embodiment, the curved outer shaft 640 includes the
proximal section 642 extending along the axis A1 and the
distal section 644 extending along the axis A2. The
curved section 645 defines the angle α3 between the
proximal section 642 and the distal section 644. The
curved outer shaft 640 has an elongated internal conduit
through which surgical fasteners 660 may advance dis-
tally. The applicator instrument 630 preferably includes
an advancer 760 having advancer tabs 762 for advancing
the surgical fasteners 660 one position toward the distal
end of the curved outer shaft 640 each time the trigger

is pulled. The applicator instrument also desirably in-
cludes an anti-backup element 664 having anti-backup
tabs 666 for preventing the surgical fasteners from mov-
ing proximally. The applicator instrument 630 also in-
cludes a flexible firing element 674, such as a flexible
cable, that is able to transfer forces from the firing system,
which operates as described herein, to the distal-most
surgical fastener 660 in the outer shaft 640. The flexible
firing element 674 is resistant to compression along its
longitudinal axis. The flexible firing element 674 may also
be twisted. In one embodiment, as the outer shaft rotating
element 655 is rotated relative to the housing 635 for
changing the orientation of the distal section 644 of the
curved outer shaft 640, the flexible firing element 674 is
able to flex, twist and bend to maintain a linkage between
the firing system and a rigid insertion fork 676 having
tines at a distal end thereof that are adapted to engage
the sides of a surgical fastener 660. The flexible firing
element 674 preferably transfers energy from the firing
system to the rigid insertion fork 676 that engages the
sides of a surgical fastener for driving the surgical fas-
tener into soft tissue as described in more detail above.
[0185] In one embodiment, the firing system is the
same as that described above but acts along the central
axis of the proximal section 642 of the shaft. The flexible
element of the firing system 674 extends through a rotary
advancing system 665. The rotary advancing system 665
is preferably aligned with the proximal section 642 of the
curved outer shaft 640. The rotary advancing system 665
is adapted to rotate with the curved outer shaft 640
around a central axis. The advancing system is actuated
from the above-described indexing system of the appli-
cator instrument 640 that interfaces with the rotary firing
system 665.
[0186] Referring to FIG. 21, in one embodiment, an
applicator instrument 730 for dispensing surgical fasten-
ers preferably includes a flexible, articulatable outer shaft
740 having a proximal section 742 that extends along an
axis A1, a distal section 744 that extends along an axis
A2 and a flexible, articulatable intermediate section 745
that enables the distal section 744 to articulate relative
to the proximal section 742 for changing the angle ther-
ebetween. In one embodiment, the proximal and distal
sections 742, 744 of the articulating outer shaft 740 are
less flexible and the intermediate section 745 is more
flexible for enabling the articulating movement.
[0187] The applicator instrument 730 desirably in-
cludes an outer shaft rotating element 755 that is mount-
ed at a distal end of the housing 735 and that is secured
with the proximal section 742 of the outer shaft 740. Ro-
tation of the outer shaft rotating element 755 results in
simultaneous rotation of the proximal section 742 of the
outer shaft 740 about the longitudinal axis A1, which, in
turn, changes the orientation of the distal section 744 of
the curved outer shaft 740 relative to the proximal section.
[0188] In one embodiment, the applicator instrument
730 also desirably includes an articulation control ele-
ment 775 that is mounted on the housing 735. In one
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embodiment, the articulation control element 775 is pref-
erably slideably mounted on the housing 735 for moving
distally and proximally. Referring to FIGS. 21 and 22, in
one embodiment, the applicator instrument includes flex-
ible linkages 785A, 785B having proximal ends coupled
with the articulation control element 775 and distal ends
coupled with the distal section 744 of the curved outer
shaft 740. As shown in FIG. 22, the outer shaft 740 in-
cludes the proximal section 742, the distal section 744,
and the intermediate flexible section 745 that extends
between the proximal section 742 and the distal section
744. The first and second linkages 785A, 785B extend
through the proximal section 742 and the flexible section
745, with the distal ends of the linkages coupled with the
distal section 744. As the articulation control element 775
(FIG. 21) is moved toward the distal end of the applicator
instrument 730, the first and second linkages 785A, 785B
cooperate for changing the angle of the distal section 744
of the outer shaft relative to the proximal section 742 of
the outer shaft. In one embodiment, as the articulation
control element 775 moves toward the distal end 734 of
the applicator instrument 730, the distal section 744
moves up. As the articulation control element 775 is
moved towards the proximal end 732 of the applicator
instrument 730, the first and second linkages 785A, 785B
cooperate to move the distal section 744 down. Thus,
the angle of the distal section 744 of the flexible outer
shaft 740 may be changed relative to the proximal section
742 by moving the articulating control element 755 in
proximal and distal directions until a desired angle is ob-
tained. In one embodiment, the articulation control ele-
ment enables an operator to toggle the outer shaft 740
between a straight configuration and a curved or angled
configuration. After a desired straight, curved, or angled
configuration is obtained, the orientation of the distal sec-
tion 744 relative to the proximal section 742 of the outer
shaft 740 may be changed by rotating the outer shaft
rotating element 755, which, in turn, changes the orien-
tation of the distal section 744.
[0189] The applicator instrument 730 of FIGS. 21 and
22 preferably includes a flexible firing element, a flexible
advancer, and a flexible anti-backup element as de-
scribed above in FIG. 20 to maintain an operating linkage
with both the firing system and the surgical fastener ad-
vancing system as the outer shaft is rotated and/or artic-
ulated.
[0190] Referring to FIGS. 23 and 24, in one embodi-
ment, an applicator instrument 830 for dispensing surgi-
cal fasteners has an imaging system 950. The imaging
system may be fully or partially integrated into the appli-
cator instrument, or may be a separate, stand-alone sys-
tem that is selectively coupled to the applicator instru-
ment. In one embodiment, the imaging system 950 de-
sirably enhances illumination and visibility at a working
end of the applicator instrument, which facilitates the de-
tection of objects at a surgical site for enabling proper
alignment and placement of surgical fasteners relative
to a surgical mesh that has been pre-positioned on a

patient. In one embodiment, the applicator instrument
830 has a proximal end 832, a distal end 834, and a
longitudinal axis A1-A1 that extends between the proxi-
mal and distal ends thereof. The applicator instrument
830 desirably includes a housing 835, a handle 836 ex-
tending upwardly from the housing, a trigger 838 mount-
ed on the handle 836, and an elongated shaft 840 that
extends distally from the housing 835. In one embodi-
ment, the elongated shaft 840 desirably includes a prox-
imal section 842 that extends along the longitudinal axis
A1-A1, and a distal section 844 that is angled or curved
relative to the proximal section 842. In one embodiment,
the distal section 844 extends along a second axis A2-A2,
which forms an angle α3 with the axis A1-A1 of the prox-
imal section 842. In one embodiment, the angle α3 de-
fined by the proximal and distal sections of the elongated
shaft 840 is desirably an obtuse angle. In one embodi-
ment, the elongated shaft 840 is non-linear. In one em-
bodiment, the elongated shaft is curved so that the distal
section 844 slopes upwardly and away from the housing
835 of the applicator instrument.
[0191] In one embodiment, a cap 846, such as a con-
toured end cap having no sharp edges, is secured to a
distal end of the elongated shaft 840. In one embodiment,
the cap 846 is securely affixed to the distal end of the
distal section 844 of the elongated shaft 840 so that the
cap does not rotate or translate relative to the elongated
shaft 840. The cap 846 preferably has a distal end face
848 that slopes away from a lower distal edge 892 of the
cap and toward the proximal end 832 of the applicator
instrument 830.
[0192] In one embodiment, the imaging system 950
preferably includes an imaging device 952 mounted on
the cap 846, a power source 954 disposed within the
housing 835, a power conduit 956, such as a conductive
wire, that extends through the elongated shaft 840 for
transmitting power from the power source 954 to the dis-
tal end of the elongated shaft 840, and a light source (not
shown) connected with the power conduit 956 for receiv-
ing power from the power source. As will be described
in more detail herein, the light source preferably illumi-
nates a field of view for the imaging device 952 at the
distal end 834 of the applicator instrument 830.
[0193] In one embodiment, the imaging system 950
desirably includes a transmitter conduit 958, such as a
transmitter conductive wire, for transmitting the images
detected by the imaging device 952 from the distal end
834 of the applicator instrument to a transmitter 960 lo-
cated in the housing 835. In one embodiment, the trans-
mitter conduit and the power conduit may be combined
into the same conduit or conductive wire. The imaging
system 950 preferably includes a monitor 962 (FIG. 23)
that is in communication with the transmitter 960. The
monitor 962 is adapted to receive the detected images
and/or signals from the transmitter 960 and display the
detected images on the monitor. In one embodiment, the
images displayed on the monitor 962 are preferably mag-
nified or enlarged for facilitating visibility of the surgical
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environment at the distal end of the applicator instrument.
[0194] Referring to FIGS. 25A-25E, in one embodi-
ment, the cap 846 at the distal end of the elongated shaft
preferably has a smooth, curved and contoured outer
surface that has no sharp edges so that the cap will not
snare or damage tissue or the mesh fabric of a mesh
implant. In one embodiment, the cap 846 has a lower
distal edge 892 that extends along the bottom of the cap
and a delivery window 894 for dispensing one or more
surgical fasteners through the delivery window. In one
embodiment, the lower distal edge 892 is adapted to sit
atop a bottom mesh piece of an open skirt mesh. In one
embodiment, the delivery window 894 has an upper end
896 and a lower end 898. The lower end 898 of the de-
livery window 894 is preferably spaced from the lower
distal edge 892 to ensure that surgical fasteners are dis-
pensed above the seam of the open skirt mesh and into
the top mesh piece of the open skirt mesh.
[0195] In one embodiment, the cap 846 has the distal
end face 848 that slopes upwardly and proximally from
the lower distal edge 892 of the cap 846. The distal end
face preferably includes a central opening 970 for receiv-
ing the imaging device 952, and a pair of lateral openings
972A, 972B for receiving the first and second light sourc-
es 974A, 974B, respectively. The imaging device 952 is
adapted to detect images at the distal end 834 (FIG. 23)
of the instrument. The first and second light sources
974A, 974B are adapted to generate light that illuminates
a field of view for the imaging device 952 at the distal end
of the instrument.
[0196] In one embodiment, when the cap 846 is insert-
ed into the pocket of an open skirt mesh having a periph-
eral seam, the light sources 974A, 974B preferably illu-
minate a field of view for the imaging device 952 at the
distal end of the instrument. The illuminated field of view
enables surgical personnel to use the imaging system
to, inter alia, verify the following: 1) that the lower distal
edge 892 of the cap 846 is abutted against a bottom mesh
piece of an open skirt mesh, 2) that the lower distal edge
892 of the cap 846 is advanced toward an inside of a
seam of the open skirt mesh until the sloping distal face
848 engages the top mesh piece of the open skirt mesh
to ply the top mesh piece of the skirt away from the bottom
mesh piece adjacent the inside of the seam, and 3) that
the delivery window 894 of the cap 846 is aligned with
the top mesh piece and is located above the peripheral
seam and the bottom mesh piece of the open skirt mesh
for ensuring that the surgical fasteners are passed
through the top mesh piece and not the peripheral seam
and/or the bottom mesh piece.
[0197] Referring to FIG. 26, in one embodiment, an
imaging system 950 is used for detecting objects at the
distal end of an applicator instrument for dispensing sur-
gical fasteners. The imaging system 950 may be fully
integrated into the applicator instrument, may be partially
integrated into the applicator instrument, or may be a
separate, stand-alone system that is coupled with the
applicator instrument prior to use. In one embodiment,

the imaging system 950 includes an imaging device 950
for detecting objects, and at least one light source 974
for illuminating a field of view for the imaging device 952.
The imaging system 950 preferably includes a power
source 954 that provides power to the at least one light
source 974 through a power conduit 956A. In one em-
bodiment, the imaging system 950 may have two or more
light sources that illuminate the field of view for the im-
aging device 952. In one embodiment, the power source
954 may also provide power for the imaging device 952
through a second power conduit 956B.
[0198] In one embodiment, the imaging system pref-
erably includes a transmitter conduit 958 that transmits
the images detected by the imaging device 952 to the
transmitter 960. In turn, the transmitter 960 sends the
detected signals to a controller 980 that preferably has
a central processing unit 982 and a memory 984. The
controller 980 desirably processes and/or saves the de-
tected images and transmits the images to the monitor
962 for providing a visual display for surgical personnel.
The visual display on the monitor 962 preferably assists
the surgical personnel in accurately positioning the distal
end of the applicator instrument to ensure proper place-
ment of the surgical fasteners into the surgical mesh. In
one embodiment, the images may be transmitted wire-
lessly and/or over the internet during any stage of the
process.
[0199] Referring to FIG. 27, in one embodiment, an
applicator instrument 1030 for dispensing surgical fas-
teners is adapted to have an endoscopic instrument 1150
attachable thereto. In one embodiment, the endoscopic
instrument is attached to an elongated shaft 1040 of the
applicator instrument 1030. The endoscopic instrument
1150 is desirably selectively attachable to the elongated
shaft 1040 of an applicator instrument using clips 1175A,
1175B. In one embodiment, the endoscopic instrument
1150 may include one or more light sources and/or an
imaging device for capturing images at the distal end of
the elongated shaft of the applicator instrument. The en-
doscopic instrument 1150 preferably includes a distal
working end 1185 that is adapted to illuminate a field of
view and capture images within the illuminated field of
view. The attachable endoscopic instrument 1150 desir-
ably includes an elongated shaft 1195 that may be flexible
for conforming to the shape of the elongated shaft 1040
of the applicator instrument 1030. In one embodiment,
the shaft 1195 of the endoscopic imaging system 1150
is curved or non-linear for conforming to the curve or non-
linear shape of the elongated shaft 1040 of the applicator
instrument 1030.
[0200] Referring to FIGS. 28A and 28B, in one embod-
iment, the distal working end 1185 of the endoscopic in-
strument 1150 preferably includes an imaging device
1152 and light sources 1174A, 1174B for illuminating a
field of view at the distal end of the endoscopic instru-
ment. The endoscopic instrument is preferably coupled
with an imaging system as disclosed herein. Although
FIG. 28B shows an embodiment with two light sources
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1174A, 1174B, other embodiments may include only one
light source, or may includes three or more light sources
at the distal end 1185 of the endoscopic attachment 1150.
[0201] Referring to FIG. 29, in one embodiment, one
or more clips 1175 are utilized for securing the endoscop-
ic instrument 1150 to an applicator instrument 1030. In
one embodiment, the clip 1175 includes a ring 1197 that
has a central opening 1199, which is adapted to slide
over the outer surface of the elongated shaft 1040 of the
applicator instrument 1030 shown in FIG. 27. The clip
1175 desirably includes a pair of flexible arms 1201A,
1201B that define a U-shaped opening 1203 at an outer
edge of the ring 1197. In one embodiment, after the ring
1197 is secured over the elongated shaft of the applicator
instrument, the endoscopic instrument 1150 may be at-
tached to the applicator instrument by inserting the shaft
1195 of the endoscopic instrument 1150 into the U-
shaped opening 1203 of the clip 1175. The flexible arms
1201A, 1201B preferably retain the shaft 1195 of the en-
doscopic instrument 1150 within the U-shaped opening
1203 of the clip 1175.
[0202] In one embodiment, one or more attachment
clips may be permanently secured to the applicator in-
strument. In one embodiment, one or more attachment
clips may be removably attached to the applicator instru-
ment.
[0203] Although the present disclosure is not limited
by any particular theory of operation, it is believed that
utilizing one or more clips 1175, as shown in FIG. 29, will
enable an endoscopic instrument to be selectively at-
tached to and selectively detached from the elongated
shaft of an applicator instrument for sterilization, clean-
ing, maintenance, and/or repair of the endoscopic instru-
ment. In one embodiment, the endoscopic instrument
may be a single use device that is discarded at the end
of a medical procedure, whereby a new endoscopic in-
strument may be attached to the applicator instrument
for the next medical procedure. In one embodiment, the
endoscopic instrument is re-useable and the applicator
instrument is a single use device that is disposable. In
one embodiment, the endoscopic instrument is perma-
nently attached to the applicator instrument.
[0204] Referring to FIGS. 30A-30C, in one embodi-
ment, the endoscopic instrument 1150 is attached to the
elongated shaft 1040 of the applicator instrument 1030
utilizing clips 1175A, 1175B. Although two clips are
shown in FIGS. 30A-30C, in other embodiments, fewer
or more clips may be utilized for securing the endoscopic
instrument 1150 to the elongated shaft 1040 of the ap-
plicator instrument 1030.
[0205] In one embodiment, the endoscopic instrument
1150 is secured to the elongated shaft 1040 so that the
distal working end 1185 is adjacent the contoured cap
1046 at a distal end of the elongated shaft 1040. In one
embodiment, a distal most face 1205 of the working end
1185 of the endoscopic instrument 1150 is proximal to
the sloping distal face 1048 of the contoured end cap
1046. As a result, the endoscopic instrument 1150 cannot

interfere with the dispensing of surgical fasteners through
the delivery window 1094 provided in the sloping distal
face 1048 of the cap 1046.
[0206] In one embodiment, the endoscopic instrument
1150 preferably includes both an imaging device and at
least one light source provided at the distal working end
1185. In one embodiment, the endoscopic instrument
1150 may include only one or more light sources for illu-
minating a field of view. In this embodiment, the endo-
scopic instrument provides a source of light and does not
have an imaging device for capturing images.
[0207] In one embodiment, the imaging device may be
a camera, a photo sensor, or an ultrasound sensor. In
one embodiment, the imaging device is a camera having
a fish eye lens for providing a wide angle view.
[0208] In one embodiment, the imaging system may
include a Naneye imaging device, a 1mm optical fiber,
and a battery designated ADG852. The Naneye imaging
device preferably has a size of 1mm x 1mm x 1.5mm that
fits within the central opening 970 (FIG. 25A) provided in
the distal face 848 of the cap 846. In one embodiment,
the light sources 974A, 974B that are disposed within the
lateral openings 972A, 972B of the cap desirably include
optical fibers with 1mm diameters for producing light for
the Naneye camera. The battery, designated ADG852,
has a size of 1.3 x 1.6, is located in the housing or the
handle of the applicator instrument, and is wired to both
the Naneye imaging device and the optical fibers.
[0209] In one embodiment, the imaging device is a
photo sensor or similar electronic component that detects
objects via the presence of light, infrared, or ultraviolet
energy. In one embodiment, the photo sensor preferably
includes a semiconductor having photoconductive prop-
erties, in which the electrical conductance varies depend-
ing on the intensity of radiation striking the material. In
one embodiment, a photo-sensing element may be po-
sitioned at the distal tip of the applicator instrument to
detect changes in the level of light, which may be used
to detect the edge of the mesh, pores of the mesh, etc.
[0210] In one embodiment, the imaging system may
include a visual or audible element that provides feed-
back to the user to indicate when the distal end of the
instrument is located at a desired position. In one em-
bodiment, the visual indicator may be an external LED.
In one embodiment, the audible indicator may be an el-
ement that emits sound, such as a speaker or buzzer.
[0211] In one embodiment, the power source is not lo-
cated within the housing or the handle, but is a separate,
stand alone component that is connected to the instru-
ment by a cable or wire coupled to the instrument. In one
embodiment, the battery is located at or adjacent the dis-
tal tip of the instrument, thereby eliminating the need for
a power transmission conduit or conductive wire extend-
ing through the elongated shaft. In one embodiment, rath-
er than using a power source for operating a light source,
the light source may be a separately powered instrument
that delivers light to the distal end of the applicator in-
strument through an optical fiber or optical fiber cable.
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[0212] In one embodiment, the light source may be a
single LED or a series of LEDs. In one embodiment, the
light source may have a diffuser or lens for diffusing the
light that illuminates the end of the instrument. In one
embodiment, the light source is preferably sufficiently
strong so that it illuminates the exterior of the skin, which
provides an indication to surgical personnel of where the
distal end of the instrument is positioned
[0213] In one embodiment, an outline of a desired po-
sition for a surgical mesh implant may be applied on the
exterior of a patient’s skin prior to mesh implantation, and
the light source at the distal end of the instrument pref-
erably indicates where the edges of the surgical mesh
are actually located relative to the desired position out-
lined on the patient’s skin. Devices and methods of per-
forming the exterior marking of a patient’s skin for mesh
implant procedures are disclosed in one or more embod-
iments of commonly assigned U.S. Patent Application
Ser. No. 13/422,003, filed March 16, 2012, entitled "DE-
VICES FOR DISPENSING SURGICAL FASTENERS IN-
TO TISSUE WHILE SIMULTANEOUSLY GENERAT-
ING EXTERNAL MARKS THAT MIRROR THE
NUMBER AND LOCATION OF THE DISPENSED SUR-
GICAL FASTENERS," Attorney Docket No.
ETH5640USNP.
[0214] In one embodiment, the transmitter conduit may
be an optical fiber or optical fiber cable that is capable of
transmitting light and/or digital signals. In an embodiment
that transmits digital signals, the transmitter preferably
transmits the detected image as a digital signal to a wire-
less receiver, which, in turn, delivers the information to
a remote monitor for visual and/or audible display.
[0215] In one embodiment, the transmitter conduit may
be replaced with a wireless transmitter that couples the
imaging device with the transmitter or the monitor. In one
embodiment, the detected signal may be transmitted
through infrared and microwaves.
[0216] In one embodiment, the monitor may be a lapar-
oscopic tower. In one embodiment, the monitor may in-
clude a digital screen mounted directly onto the handle
end of the device. In one embodiment, the monitor may
include a cathode ray tube (CRT), a liquid crystal display
(LCD), a plasma display, etc. In one embodiment, the
imaging system may have a data storage device, such
as a memory device, for storing detected images and/or
video that is captured by the imaging device. In one em-
bodiment, the imaging system may be disposable.
[0217] In one embodiment, the imaging system pref-
erably includes a sensing device, such as a camera, pho-
to sensor, or ultrasound sensor, which is adapted to de-
tect a source of radiation, such as light, a tactile feature,
radar, and ultrasound. The imaging system desirably pro-
vides feedback for the user in the form of visual, audible,
vibratory, and/or tactile signals, or combinations thereof,
that alert a user when the distal end of the instrument is
properly aligned relative to the surgical mesh implant.
[0218] Referring to FIGS. 31A-31E, in one embodi-
ment, an applicator instrument for dispensing surgical

fasteners for securing surgical mesh to tissue preferably
includes a distal end cap 1400 having gripping features
secured to a distal end of an elongated shaft 1450 (FIG.
31E). The distal end cap 1400 desirably includes a bot-
tom side 1402, a top side 1404, a lower distal edge 1406
adjacent the bottom side 1402, and a distal end face 1408
that slopes proximally and upwardly from the lower distal
edge 1406 to the top side 1404 of the cap. In one em-
bodiment, the cap 1400 desirably includes a surgical fas-
tener delivery window 1410 that is formed in the sloping
distal end face 1408. Surgical fasteners are dispensed
through the surgical fastener delivery window 1410 for
securing a surgical mesh to tissue. The sloping distal end
face 1408 preferably lies on the outer surface of the cap
1400 and completely surrounds the outer perimeter of
the surgical fastener delivery window 1410.
[0219] As shown in FIG. 31A, in one embodiment, the
sloping distal end face 1408 has a lower section that ex-
tends from the lower distal edge 1406 and a bottom edge
of the delivery window 1410, and an upper section that
extends from an upper edge of the delivery window 1410
to the top side 1404 of the cap 1400.
[0220] In one embodiment, the distal end cap 1400 is
contoured and has a smooth outer surface to ensure
there are no sharp edges at the distal end of the applicator
instrument that may catch and/or damage the fibers of a
surgical mesh. In one embodiment, the bottom side 1402
and the top side 1404 of the cap 1400 have smooth sur-
faces. When fixing a mesh to tissue at a surgical site, the
contoured distal end cap ensures that a physician may
easily slide the distal end of an applicator instrument in
forward, reverse and lateral directions relative to the sur-
gical mesh for deploying and/or re-positioning the distal
end of the application instrument relative to the mesh.
[0221] In one embodiment, the cap 1400 desirably in-
cludes a plurality of gripping features provided on one or
more outer surfaces of the cap. In one embodiment, the
gripping features include a plurality of gripping posts
1412, 1414, 1416, and 1418 that project distally from the
sloping distal end face 1408 of the cap 1400. The gripping
posts 1412, 1414, 1416, and 1418 are desirably spaced
from one another around the surgical fastener delivery
window 1410. The respective gripping posts may have
lengths that extend along longitudinal axes that are per-
pendicular to a plane defined by the sloping distal end
face 1408 of the cap 1400. The gripping posts may also
extend along longitudinal axes that are parallel with the
top side 1404 or the bottom side 1402.
[0222] In one embodiment, the gripping posts 1412,
1414, 1416, and 1418 are preferably located adjacent
the outer perimeter of the surgical fastener delivery win-
dow 1410. In one embodiment, the gripping posts 1412,
1414, 1416, and 1418 or sloping distal face 1408 may
have a textured surface such as a knurled surface, a
matte surface and/or a stepped surface. In accordance
with the present invention, the gripping posts have a tex-
tured surface selected from the group consisting of a
knurled surface, a matte surface and a stepped surface.
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As will be described in more detail herein, the textured
surface enhances engagement between the cap 1400
and the fibers of a surgical mesh when the gripping fea-
tures engage the fibers and/or pores of the surgical mesh.
[0223] In one embodiment, the gripping posts 1412,
1414, 1416, have a cylindrical or conical shape with
curved exterior surfaces and edges. In the embodiment
shown in FIGS. 31A-31E, the posts have a conical shape
with the bases 1420 of the respective posts having larger
diameters than the distal tips 1422 of the posts.
[0224] Referring to FIGS. 31A-31C, in one embodi-
ment, the distal tips 1422 of the posts 1412, 1414, 1416,
and 1418 have flat surfaces. The posts preferably have
smooth, curved sidewalls 1424 extending from the bases
1420 to the distal tips 1422, which minimize the likelihood
of the gripping posts damaging the mesh when the posts
pass through the pores of the mesh. The smooth outer
surfaces of the posts also desirably enable the posts to
be easily withdrawn from the pores of the mesh when it
is desirable to retract the cap and/or re-position the cap
at another location on the mesh.
[0225] Referring to FIG. 31C, in one embodiment, the
gripping posts 1412, 1414, 1416, and 1418 have a height
of about 508 mm (0.020 inches), and the distal tips 1422
of the gripping posts have a diameter of about 584.2 mm
(0.023 inches). In one embodiment, the posts 1412,
1414, 1416, and 1418 have respective longitudinal axes
A5 that are perpendicular to the sloping distal end face
1408 of the cap 1400. The distal tips 1422 of the respec-
tive posts 1412, 1414, 1416, and 1418 define flat surfaces
that are parallel with the sloping distal face of the cap
and perpendicular to the longitudinal axes of the posts.
In the embodiment shown in FIG. 31C, the sloping distal
end face 1408 of the cap 1400 lies in a first plane desig-
nated P1 and the flat surfaces of the distal tips 1422 lie
in a second plane designated P2 that is parallel to the
first plane P1. As a result, the flat distal tips of the posts
1412, 1414, 1416, and 1418 have the same orientation
as the sloping distal face 1408.
[0226] Referring to FIGS. 31B-31C and 31E, in one
embodiment, the smooth bottom side 1402 of the cap
1400 preferably defines a convexly curved surface that
extends laterally across the bottom side of the cap. As
shown in FIG. 31B, in one embodiment, the sides of the
cap 1400 that extend from the top side 1404 to the bottom
side 1402 are desirably smooth. Providing a cap 1400
with a smooth outer surface on the top, bottom and sides
will preferably enable the cap to be slid laterally over sur-
gical mesh without getting caught, obstructed or impeded
by features on the exterior surface of the cap engaging
the mesh.
[0227] Referring to FIGS. 31A and 31B, in one embod-
iment, the surgical fastener delivery window 1410 formed
in the sloping distal end face 1408 of the cap 1400 has
an upper edge 1426, a bottom edge 1428, and opposing
side edges 1430, 1432 that extend from the upper edge
1426 to the bottom edge 1428. The gripping posts 1412,
1414, 1416, and 1418 are preferably located between

the upper and bottom edges 1426, 1428 and adjacent
the opposing side edges 1430, 1432 of the surgical fas-
tener delivery window 1410.
[0228] Referring to FIGS. 31B and 31D, in one embod-
iment, the gripping posts 1412, 1414, 1416, and 1418
include a first post set 1434 comprising first and second
posts 1412, 1414 positioned adjacent the first side edge
1430 of the surgical fastener delivery window 1410, and
a second post set 1436 comprising third and fourth posts
1416, 1418 positioned adjacent the second side edge
1432 of the surgical fastener delivery window 1410.
[0229] In one embodiment, the first and second posts
1412, 1414 of the first post set 1434 are desirably in ver-
tical alignment with one another along a first axis A6 that
is parallel with the first side edge 1430 of the surgical
fastener delivery window 1410, and the third and fourth
posts 1416, 1418 of the second post set 1436 are in ver-
tical alignment with one another along a second axis A7
that is parallel with the first axis A6 and parallel to the
second side edge 1432 of the surgical fastener delivery
window 1410.
[0230] Referring to FIGS. 31B and 31D, in one embod-
iment, the second post 1414 extends distally beyond the
distal tip of the first post 1412, and the fourth post 1418
extends distally beyond the distal tip of the third post
1416. As a result, the top posts (i.e., first post 1412 and
third post 1416) of each post set are proximal to the bot-
tom posts (i.e., second post 1414 and fourth post 1418)
of each post set for generally conforming to the contour
of the sloping distal face 1408. In other embodiments, a
post set may include one or more gripping posts or grip-
ping features provided on a side edge of the surgical
fastener delivery window of the cap.
[0231] Referring to FIG. 31E, in one embodiment, the
distal end cap 1400 desirably includes the lower distal
edge 1406 having a central section 1440 with a length
L3 of about 6-10mm. The lower distal edge 1406 includes
first and second extensions 1442, 1444 that extend lat-
erally from the ends of the central section 1440 by about
2-3mm beyond the outer diameter OD1 of the elongated
shaft 1450. With the addition of the first and second ex-
tensions 1442, 1444, the lower distal edge 1406 of the
cap 1400 has a total length L4 of about 10-20mm, which
is greater than the outer diameter OD1 of the elongated
shaft 1450. In one embodiment, the central section 1406
preferably defines a straight line or straight edge that is
generally perpendicular to the longitudinal axis of the
elongated shaft 1450, and the first and second exten-
sions 1442, 1444 have curved edges that curve proxi-
mally from the straight central section 1440 toward the
proximal end of the elongated shaft 1450. As a result,
the central section 1440 of the lower distal edge 1406 is
distal to the first and second lateral extensions 1442,
1444 of the lower distal edge so that when the central
section 1440 of the lower distal edge is pressed against
a mesh, such as the peripheral seam of a skirted mesh,
the lateral extensions 1442, 1444 are away from the
seam, which facilitates sliding the cap 1400 in lateral di-
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rections along the seam due to less contact between the
cap and the mesh. The proximal lateral extensions 1442,
1444 also enable the device to enter tight corners of the
skirted mesh.
[0232] Referring to FIG. 31B, in one embodiment, the
first and second lateral extensions 1442, 1444, which
extend laterally from the bottom surface of the lower distal
edge 1406, have bottom surfaces that form the bottom
side 1402 of the cap. The bottom surfaces of the first and
second lateral extensions 1442, 1444 are desirably con-
vex. The top surfaces of the first and second extensions
1442, 1444 are preferably concave and extend toward
the top side 1404 of the cap 1400. When a physician
applies forward forces on the applicator instrument han-
dle and counter-pressure on opposing tissue, the first
and second extensions 1442, 1444 distribute forces over
a broader area of mesh. The first and second extensions
also allow the physician to orient the cap horizontally and
minimize rotation of the cap while firing the applicator
instrument for dispensing a surgical fastener.
[0233] Referring to FIGS. 32A and 32B, in order to se-
cure a surgical mesh M to tissue, the cap 1400 secured
to the distal end of an elongated shaft 1450 is desirably
advanced until the lower distal edge 1406 (FIG. 31A) of
the cap abuts against the surgical mesh. Referring to
FIG. 32B, as the cap 1400 is pushed against the mesh
M, the gripping posts 1412, 1414, 1416, and 1418 pro-
jecting from the sloping distal end face 1408 of the cap
1400 desirably pass through the pores of the mesh M.
As a result, the gripping posts extend between the fibers
of the mesh, which enables the side walls of the gripping
posts to engage the fibers of the mesh to actively control
movement and positioning of the mesh.
[0234] Referring to FIG. 33, in one embodiment, the
cap 1400 and the distal end of the elongated shaft 1450
of an applicator instrument may be inserted into a surgical
opening and advanced toward a pre-positioned mesh M
having a pocket 1460 defined by a top mesh piece 1462,
a bottom mesh piece 1464, and a peripheral seam 1466
joining the top and bottom mesh pieces. As the cap 1400
is advanced into the pocket 1460, the lower distal edge
1406 of the cap 1400 is abutted against the bottom mesh
piece 1464 and advanced toward the peripheral seam
1466. When the lower distal edge 1406 engages the pe-
ripheral seam, the sloping distal end face 1408 abuts
against the top mesh piece 1462 and the gripping posts
1412, 1414, 1416, and 1418 (FIG. 31A) pass through the
pores of the surgical mesh M. The side walls of the grip-
ping posts desirably extend between the fibers of the
mesh M. As a result, when the end cap 1400 is shifted
up, down, or laterally, the gripping posts control move-
ment of the mesh M via engagement of the mesh fibers.
[0235] In one embodiment, when the cap 1400 is fully
inserted into the pocket 1460, the sloping distal face 1408
of the cap 1400 plies the top mesh piece 1462 away from
the bottom mesh piece 1464. The thickness of the lower
distal edge 1406 of the cap 1400 spaces the surgical
fastener dispensing window 1410 (FIG. 31A) of the cap

1400 above the peripheral seam 1466 and in alignment
with the top mesh piece 1462 so that the surgical fastener
1470 passes through the top mesh piece 1462 and does
not pass through either the peripheral seam 1466 or the
bottom mesh piece 1464.
[0236] In one embodiment, with the surgical fastener
delivery window of the cap 1400 aligned with the top
mesh piece 1462, the actuator (e.g., the trigger) of the
applicator instrument is engaged to deploy a single sur-
gical fastener 1470 through the delivery window for se-
curing the top mesh piece 1462 to the abdominal wall
tissue T. The surgical fastener 1470 passes through the
mesh M and advances a depth D of about 6.7mm into
the tissue T for securing the mesh to the tissue. The sur-
gical fastener 1470 is inserted into the tissue T at about
2mm above the bottom side 1402 of the cap 1400 and
the peripheral seam 1466 of the mesh M. The cap 1400
may be retracted so that the gripping posts disengage
from the fibers of the mesh. The cap may then be moved
laterally to an adjacent mesh section for securing the
adjacent mesh section to the tissue T. During re-posi-
tioning, the cap is first retracted so that the posts disen-
gage from the pores, re-positioned to an adjacent mesh
section (e.g., slid laterally along the peripheral seam),
and then advanced so that the posts pass into the pores
of the adjacent mesh section. The engagement of the
posts with the fibers of the mesh enables the mesh to be
stretched and pulled taut so that any wrinkles present in
the surgical mesh may be removed.
[0237] Referring to FIGS. 34A and 34B, in one embod-
iment, an applicator instrument having the end cap dis-
closed herein is utilized for securing a skirted mesh M to
tissue. The skirted mesh M includes a top mesh piece
1462, a bottom mesh piece 1464, and a peripheral seam
1466 joining the top and bottom mesh pieces. The cap
1400 secured to the distal end of the elongated shaft
1450 is inserted into the pocket 1460 of the skirted mesh
M. The cap 1400 is advanced into the pocket 1464 until
the lower distal edge 1406 of the cap 1400 engages the
peripheral seam 1466. The smooth top and bottom sides
1404, 1402 slide against the edges of the top and bottom
mesh pieces 1462, 1464 without gripping the mesh, al-
lowing the cap 1400 to reach the peripheral seam with
no impedance. When the cap 1400 is fully advanced
against the peripheral seam 1466, the sloping distal face
1408 of the cap 1400 plies the top mesh piece 1462 away
from the bottom mesh piece 1464. The gripping posts
1412, 1414, 1416, and 1418 pass through the pores of
the mesh M to provide active engagement between the
cap 1400 and the surgical mesh M. When the gripping
posts are inserted into the pores of the mesh, sliding the
cap laterally will in turn force the mesh to move laterally
with the cap. The surgical fastener delivery window 1410
is preferably aligned with the top mesh piece 1462 so
that a dispensed surgical fastener will pass through the
top mesh piece.
[0238] Referring to FIGS. 35A and 35B, in one embod-
iment, a distal end cap 1500 for an applicator instrument
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preferably includes a distal face 1508 and a plurality of
gripping posts 1512, 1514, 1516, and 1518 projecting
distally from the distal face 1508. In one embodiment,
the distal face 1508 is flat and smooth and the gripping
posts 1512, 1514, 1516 and 1518 project distally from
the smooth distal face 1508. The gripping posts desirably
extend along respective longitudinal axes that are per-
pendicular to a plane defined by the distal face 1508. The
gripping posts desirably have smooth side walls and dis-
tal tips 1522 that are flat or convexly curved. The gripping
posts desirably have smooth outer walls and edges for
minimizing the likelihood of damaging the mesh when
the cap 1500 engages the mesh.
[0239] The end cap 1500 desirably has a bottom notch
1580 at the bottom side 1502 of the cap and a top notch
1582 at the top side 1504 of the cap, which may be used
for attachment, alignment and orientation purposes. The
first and third gripping posts 1512, 1516 are positioned
on opposite sides of the top notch 1582, and the second
and fourth gripping posts 1514, 1518 are positioned on
opposite sides of the bottom notch 1580. In one embod-
iment, the gripping posts are spaced from one another
and are not present over the entire outer perimeter of the
end cap so that smooth surfaces may be presented to
the opposing mesh pieces to allow selective sliding
movement of the cap relative to the mesh.
[0240] In one embodiment, the end cap 1500 has
smooth side surfaces 1590, 1592 that extend between
the top notch 1582 and the bottom notch 1580. When
inserting the cap into an open skirt mesh, the end cap
1500 may be rotated 90 degrees so that the smooth side
surfaces 1590, 1592 oppose and engage the top and
bottom mesh pieces, which enables the cap to slide easily
between the top and bottom mesh pieces. When the cap
1500 is properly positioned relative to the mesh, the cap
may be rotated another 90 degrees to the orientation
shown in FIG. 35A so that the top and bottom notches
1582, 1580 oppose the top and bottom mesh pieces for
generating gripping forces between the end cap and the
mesh. After each firing cycle, the cap 1500 can be re-
tracted or rotated 90 degrees for facilitating movement
of the cap relative to the mesh, and then retracted or
rotated back 90 degrees to place the gripping features
in contact with the mesh.
[0241] In one embodiment, an end cap has an outer
surface. A first part of the outer surface has griping fea-
tures that are adapted to engage mesh for actively con-
trolling the mesh. A second part of the outer surface of
the cap has a smooth, non-gripping surface that is devoid
of gripping features to enable the cap to slide over the
surface of the mesh. During a surgical procedure, the
orientation of the cap relative to the mesh may be mod-
ified so that in a first orientation the non-gripping surface
engages the mesh to enable re-positioning and move-
ment of the end cap relative to the mesh, and in a second
orientation the gripping surface of the cap engages the
mesh for enabling active engagement of the mesh by the
cap.

[0242] FIGS. 36A and 36B show a prior art end cap
1500’ having a distal end face 1508’ with projections
1512’ being provided around the entire outer perimeter
of the distal end face 1508’. Regardless of how the cap
is oriented and/or positioned, the projections 1512’ are
in contact with the mesh. Referring to FIGS. 37A and
37B, when the end cap 1500’ is inserted into a pocket of
an open skirt mesh, the gripping projections around the
perimeter of the prior art cap 1500’ engage the top and
bottom mesh pieces, which makes it more difficult to
reach the mesh periphery or to move the cap laterally
between the top mesh piece and the bottom mesh piece.
[0243] FIG. 38 shows a comparison between the prior
art cap 1500’ of FIGS. 36A-36B and 37A-37B and the
contoured end cap 1400 shown and described above in
FIGS. 31A-31E. In the prior art cap 1500’, the gripping
projections are located around the entire outer perimeter
of the distal end face 1508’. In the inventive end cap 1400
disclosed in the present application, the outer surface of
the cap has the smooth top side 1404, the smooth bottom
side 1402, and the smooth lateral sides. The gripping
posts 1412, 1414, 1416, and 1418 are only present on
the sloping distal end face 1408 of the cap. As a result,
by orienting the cap relative to the mesh, it is easier to
move the cap 1400 up, down, and laterally relative to the
mesh for positioning the cap along the peripheral seam.
When it is desirable to move the cap 1400 relative to the
opposing mesh, the lower distal edge of the cap 1400 is
slightly retracted from the peripheral seam so that the
gripping posts 1412, 1414, 1416, and 1418 are withdrawn
from the pores of the mesh, whereupon only the smooth
outer surfaces of the end cap 1400 engage the mesh so
that the cap may be easily move over the surface of the
mesh.
[0244] The headings used herein are for organizational
purposes only and are not meant to limit the scope of the
description or the claims. As used throughout this appli-
cation, the word "may" is used in a permissive sense (i.e.,
meaning having the potential to), rather than the manda-
tory sense (i.e., meaning must). Similarly, the words "in-
clude", "including", and "includes" mean including but not
limited to. To facilitate understanding, like reference nu-
merals have been used, where possible, to designate
like elements common to the figures.
[0245] While the foregoing is directed to embodiments
of the present invention, other and further embodiments
of the invention may be devised without departing from
the basic scope thereof, which is only limited by the scope
of the claims that follow. For example, the present inven-
tion contemplates that any of the features shown in any
of the embodiments described herein, may be incorpo-
rated with any of the features shown in any of the other
embodiments described herein, and still fall within the
scope of the present invention.

57 58 



EP 3 297 544 B1

31

5

10

15

20

25

30

35

40

45

50

55

Claims

1. An applicator instrument (30) for dispensing surgical
fasteners comprising:

a housing (35);
an actuator (38) coupled with said housing;
an elongated shaft (1450) extending from said
housing;
a cap (1400) secured to a distal end of said elon-
gated shaft, said cap including a bottom side
(1402), a top side (1404), a lower distal edge
(1406) adjacent the bottom side, and a distal
end face (1408) that slopes proximally from said
lower distal edge to said top side of said cap;
a surgical fastener delivery window (1410)
formed in said sloping distal end face, wherein
said sloping distal end face extends continuous-
ly around the outer perimeter of said surgical
fastener delivery window;
a plurality of gripping features (1412) projecting
distally from said sloping distal end face, where-
in said gripping features have a textured surface
selected from the group consisting of a knurled
surface, a matte surface and a stepped surface.

2. The applicator instrument as claimed in claim 1,
wherein said gripping features are spaced from one
another.

3. The applicator instrument as claimed in claim 1,
wherein said gripping features are located adjacent
the outer perimeter of said surgical fastener delivery
window.

4. The applicator instrument as claimed in claim 1,
wherein said gripping features comprise posts
(1412, 1414, 1416, 1418) that project distally from
said sloping distal face of said cap.

5. The applicator instrument as claimed in claim 4,
wherein said posts have a cylindrical or conical
shape.

6. The applicator instrument as claimed in claim 5,
wherein said posts have distal tips (1422) that are
flat or convexly curved.

7. The applicator instrument as claimed in claim 6,
wherein said posts have smooth, curved sidewalls
(1424) extending from said sloping distal end face
(1408) to said distal tips (1422).

8. The applicator instrument as claimed in claim 6,
wherein said posts have a height of about 508 mm
(0.020 inches) and said distal tips of said posts have
a diameter of about 584.2 mm (0.023 inches).

9. The applicator instrument as claimed in claim 4,
wherein said posts have longitudinal axes (A5) that
are perpendicular to said sloping distal face of said
cap.

10. The applicator instrument as claimed in claim 9,
wherein said posts have distal tips that define flat
surfaces that are parallel with said sloping distal face
of said cap.

11. The applicator instrument as claimed in claim 1,
wherein said top and bottom surfaces of said cap
are smooth.

12. The applicator instrument as claimed in claim 4,
wherein said surgical fastener delivery window
formed in said sloping distal end face has an upper
edge (1426), a bottom edge (1428), and opposing
side edges (1430, 1432) that extend from said upper
edge to said bottom edge, and wherein said gripping
posts are located between said upper and bottom
edges and adjacent said opposing side edges of said
surgical fastener delivery window.

13. The applicator instrument as claimed in claim 12,
wherein said gripping posts comprises a first set of
posts (1434) that are positioned adjacent a first one
of said side edges (1430) of said surgical fastener
delivery window and a second set of two posts (1436)
that are positioned adjacent a second one of said
side edges (1432) of said surgical fastener delivery
window.

14. The applicator instrument as claimed in claim 13,
wherein said first set of posts are in vertical alignment
with one another along a first axis (A6) that is parallel
with said first side edge of said surgical fastener de-
livery window, and said second set of posts are in
vertical alignment with one another along a second
axis (A7) that is parallel with said first axis and said
second side edge of said surgical fastener delivery
window,
preferably wherein said first set of posts includes a
top post and a bottom post that extends distally be-
yond said distal tip of said top post of said first set,
and wherein said second set of posts includes a top
post and a bottom post that extends distally beyond
said distal tip of said top post of said second set.

15. The applicator instrument as claimed in claim 4,
claim 10, or claim 12, wherein said gripping posts
are spaced from one another around the outer pe-
rimeter of said surgical fastener delivery window.

Patentansprüche

1. Applikatorinstrument (30) zur Abgabe von chirurgi-
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schen Befestigungsvorrichtungen, umfassend:

ein Gehäuse (35),
eine Betätigungsvorrichtung (38), die mit dem
Gehäuse gekoppelt ist,
einen längserstreckten Schaft (1450), der sich
von dem Gehäuse erstreckt,
eine Kappe (1400), die an einem distalen Ende
des längserstreckten Schafts befestigt ist, wobei
die Kappe eine Unterseite (1402), eine Obersei-
te (1404), einen distalen unteren Rand (1406),
der an die Unterseite angrenzt, und eine distale
Endfläche (1408), die sich proximal von dem dis-
talen unteren Rand zu der Oberseite der Kappe
neigt, umfasst,
ein Fenster (1410) zur Abgabe von chirurgi-
schen Befestigungsvorrichtungen, das in der
geneigten distalen Endfläche ausgebildet ist,
wobei sich die geneigte distale Endfläche kon-
tinuierlich um den Außenumfang des Fensters
zur Abgabe von chirurgischen Befestigungsvor-
richtungen erstreckt,
eine Vielzahl von Greifeinrichtungen (1412), die
distal von der geneigten distalen Endfläche vor-
stehen, wobei die Greifeinrichtungen eine struk-
turierte Oberfläche aufweisen, die aus der Grup-
pe ausgewählt ist, die aus einer gerändelten
Oberfläche, einer matten Oberfläche und einer
abgestuften Oberfläche besteht.

2. Applikatorinstrument nach Anspruch 1, wobei die
Greifeinrichtungen voneinander beabstandet sind.

3. Applikatorinstrument nach Anspruch 1, wobei sich
die Greifeinrichtungen angrenzend an den Außen-
umfang des Fensters zur Abgabe von chirurgischen
Befestigungsvorrichtungen befinden.

4. Applikatorinstrument nach Anspruch 1, wobei die
Greifeinrichtungen Zapfen (1412, 1414, 1416, 1418)
umfassen, die distal von der geneigten distalen Flä-
che der Kappe vorstehen.

5. Applikatorinstrument nach Anspruch 4, wobei die
Zapfen eine zylindrische oder konische Form auf-
weisen.

6. Applikatorinstrument nach Anspruch 5, wobei die
Zapfen distale Spitzen (1422) aufweisen, die flach
oder konvex gebogen sind.

7. Applikatorinstrument nach Anspruch 6, wobei die
Zapfen glatte gebogene Seitenwände (1424) auf-
weisen, die sich von der geneigten distalen Endflä-
che (1408) zu den distalen Spitzen (1422) erstre-
cken.

8. Applikatorinstrument nach Anspruch 6, wobei die

Zapfen eine Höhe von ca. 508 mm (0,020 Inch) auf-
weisen und die distalen Spitzen der Zapfen einen
Durchmesser von ca. 584,2 mm (0,023 Inch) aufwei-
sen.

9. Applikatorinstrument nach Anspruch 4, wobei die
Zapfen Längsachsen (A5) aufweisen, die rechtwink-
lig zu der geneigten distalen Fläche der Kappe ver-
laufen.

10. Applikatorinstrument nach Anspruch 9, wobei die
Zapfen distale Spitzen aufweisen, die ebene Ober-
flächen definieren, die parallel zu der geneigten dis-
talen Fläche der Kappe verlaufen.

11. Applikatorinstrument nach Anspruch 1, wobei die
Ober- und die Unterseite der Kappe glatt sind.

12. Applikatorinstrument nach Anspruch 4, wobei das
Fenster zur Abgabe von chirurgischen Befesti-
gungsvorrichtungen, das in der geneigten distalen
Endfläche ausgebildet ist, einen oberen Rand
(1426), einen unteren Rand (1428) und sich gegen-
überliegende Seitenränder (1430, 1432) aufweist,
die sich von dem oberen Rand zu dem unteren Rand
erstrecken, und wobei sich die Greifzapfen zwischen
dem oberen und dem unteren Rand und angrenzend
an die sich gegenüberliegenden Seitenränder des
Fensters zur Abgabe von chirurgischen Befesti-
gungsvorrichtungen befinden.

13. Applikatorinstrument nach Anspruch 12, wobei die
Greifzapfen eine erste Gruppe von Zapfen (1434),
die angrenzend an einen ersten der Seitenränder
(1430) des Fensters zur Abgabe von chirurgischen
Befestigungsvorrichtungen positioniert sind, und ei-
ne zweite Gruppe von zwei Zapfen (1436), die an-
grenzend an einen zweiten der Seitenränder (1432)
des Fensters zur Abgabe von chirurgischen Befes-
tigungsvorrichtungen positioniert sind, umfassen.

14. Applikatorinstrument nach Anspruch 13, wobei sich
die erste Gruppe von Zapfen in vertikaler Ausrich-
tung zueinander entlang einer ersten Achse (A6) be-
finden, die parallel zu dem ersten Seitenrand des
Fensters zur Abgabe von chirurgischen Befesti-
gungsvorrichtungen verläuft, und sich die zweite
Gruppe von Zapfen in vertikaler Ausrichtung zuein-
ander entlang einer zweiten Achse (A7) befinden,
die parallel zu der ersten Achse und dem zweiten
Seitenrand des Fensters zur Abgabe von chirurgi-
schen Befestigungsvorrichtungen verläuft,
wobei vorzugsweise die erste Gruppe von Zapfen
einen oberen Zapfen und einen unteren Zapfen um-
fasst, der sich distal über die distale Spitze des obe-
ren Zapfens der ersten Gruppe hinaus erstreckt, und
wobei die zweite Gruppe von Zapfen einen oberen
Zapfen und einen unteren Zapfen umfasst, der sich
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distal über die distale Spitze des oberen Zapfens der
zweiten Gruppe hinaus erstreckt.

15. Applikatorinstrument nach Anspruch 4, Anspruch 10
oder Anspruch 12, wobei die Greifzapfen um den
Außenumfang des Fensters zur Abgabe von chirur-
gischen Befestigungsvorrichtungen voneinander
beabstandet sind.

Revendications

1. Instrument applicateur (30) permettant de distribuer
des attaches chirurgicales comprenant :

un logement (35) ;
un actionneur (38) couplé audit logement ;
un arbre allongé (1450) s’étendant depuis ledit
logement ;
un capuchon (1400) fixé à une extrémité distale
dudit arbre allongé, ledit capuchon comprenant
un côté inférieur (1402), un côté supérieur
(1404), un bord distal inférieur (1406) adjacent
au côté inférieur, et une face d’extrémité distale
(1408) qui s’incline de manière proximale dudit
bord distal inférieur audit côté supérieur dudit
capuchon ;
une fenêtre de distribution d’attaches chirurgi-
cales (1410) formée dans ladite face d’extrémité
distale inclinée, ladite face d’extrémité distale
inclinée s’étendant en continu autour du périmè-
tre externe de ladite fenêtre de distribution d’at-
taches chirurgicales ;
une pluralité d’éléments de préhension (1412)
faisant saillie de manière distale à partir de ladite
face d’extrémité distale inclinée, lesdits élé-
ments de préhension présentant une surface
texturée choisie dans le groupe constitué par
une surface moletée, une surface mate et une
surface étagée.

2. Instrument applicateur selon la revendication 1,
dans lequel lesdits éléments de préhension sont es-
pacés les uns des autres.

3. Instrument applicateur selon la revendication 1,
dans lequel lesdits éléments de préhension sont si-
tués à proximité du périmètre externe de ladite fe-
nêtre de distribution d’attaches chirurgicales.

4. Instrument applicateur selon la revendication 1,
dans lequel lesdits éléments de préhension com-
prennent des montants (1412, 1414, 1416, 1418) qui
font saillie de manière distale à partir de ladite face
distale inclinée dudit capuchon.

5. Instrument applicateur selon la revendication 4,
dans lequel lesdits montants ont une forme cylindri-

que ou conique.

6. Instrument applicateur selon la revendication 5,
dans lequel lesdits montants ont des pointes distales
(1422) qui sont plates ou incurvées de manière con-
vexe.

7. Instrument applicateur selon la revendication 6,
dans lequel lesdits montants ont des parois latérales
lisses et incurvées (1424) s’étendant de ladite face
d’extrémité distale inclinée (1408) auxdites pointes
distales (1422).

8. Instrument applicateur selon la revendication 6,
dans lequel lesdits montants ont une hauteur d’en-
viron 508 mm (0,020 pouce) et lesdites pointes dis-
tales desdits montants ont un diamètre d’environ
584,2 mm (0,023 pouce) .

9. Instrument applicateur selon la revendication 4,
dans lequel lesdits montants ont des axes longitudi-
naux (A5) qui sont perpendiculaires à ladite face dis-
tale inclinée dudit capuchon.

10. Instrument applicateur selon la revendication 9,
dans lequel lesdits montants ont des pointes distales
qui définissent des surfaces plates qui sont parallè-
les à ladite face distale inclinée dudit capuchon.

11. Instrument applicateur selon la revendication 1,
dans lequel lesdites surfaces supérieure et inférieu-
re dudit capuchon sont lisses.

12. Instrument applicateur selon la revendication 4,
dans lequel ladite fenêtre de distribution d’attaches
chirurgicales formée dans ladite face d’extrémité dis-
tale inclinée a un bord supérieur (1426), un bord in-
férieur (1428) et des bords latéraux opposés (1430,
1432) qui s’étendent dudit bord supérieur audit bord
inférieur, et dans lequel lesdits montants de préhen-
sion sont situés entre lesdits bords supérieur et in-
férieur et adjacents auxdits bords latéraux opposés
de ladite fenêtre de distribution d’attaches chirurgi-
cales.

13. Instrument applicateur selon la revendication 12,
dans lequel lesdits montants de préhension com-
prennent un premier ensemble de montants (1434)
qui sont positionnés à proximité d’un premier bord
desdits bords latéraux (1430) de ladite fenêtre de
distribution d’attaches chirurgicales et un second en-
semble de deux montants (1436) qui sont position-
nés à proximité d’un second bord desdits bords la-
téraux (1432) de ladite fenêtre de distribution d’atta-
ches chirurgicales.

14. Instrument applicateur selon la revendication 13,
dans lequel les montants dudit premier ensemble de
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montants sont en alignement vertical les uns avec
les autres le long d’un premier axe (A5) qui est pa-
rallèle audit premier bord latéral de ladite fenêtre de
distribution d’attaches chirurgicales, et les montants
dudit second ensemble de montants sont en aligne-
ment vertical les uns avec les autres le long d’un
second axe (A7) qui est parallèle audit premier axe
et audit second bord latéral de ladite fenêtre de dis-
tribution d’attaches chirurgicales,
éventuellement dans lequel ledit premier ensemble
de montants comprend un montant supérieur et un
montant inférieur qui s’étend distalement au-delà de
ladite pointe distale dudit montant supérieur dudit
premier ensemble, et dans lequel ledit second en-
semble de montants comprend un montant supé-
rieur et un montant inférieur qui s’étend distalement
au-delà de ladite pointe distale dudit montant supé-
rieur dudit second ensemble.

15. Instrument applicateur selon la revendication 4, la
revendication 10 ou la revendication 12, dans lequel
lesdits montants de préhension sont espacés les uns
des autres autour du périmètre externe de ladite fe-
nêtre de distribution d’attaches chirurgicales.
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